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ASCUS ABORTION IN NEUROSPORA TETRASPERMA 
Frontispiece 

A—Cluster of aborted asci (all heterozygous, Ee, for the lethal) showing varying numbers 
of refringent bubble-like or spore-like bodies. These cannot be called aborting spores unless it 
is proved that each includes a nucleus at its origin. Occasionally an ascus happens to contain 
just eight of these bodies. Aborting asci are narrower than are normal asci. B—Three 8-spored 
asci in one ascocarp where all asci were also heterozygous for lethal E which was not as effec- 
tive as usual. The aborting asci crushed and flattened out from too much pressure on the 
cover glass. 


A NEW DOMINANT LETHAL 
IN NEUROSPORA* 


The E Locus in N. tetrasperma 
B. O. Dopce 


New 


ORMAL development of the fun- 
gus Neurospora tetrasperma 
would include a vegetative my- 

celium on which are developed bead-like 
chains of conidia, spermatia or micro- 
conidia, incipient ascocarps and finally 
mature ascocarps with asci containing 
four spores. These structures are all 
haploid except the young asci. Since 
“ach ascus is the seat of a nuclear fu- 
sion, it must be diploid. Reduction divi- 
sions occur in the ascus and four binu- 
cleate, bisexual haploid ascospores are 
formed. Since the cells of the mycelium 
from each of these spores will contain 
two kinds of nuclei as to their sex, no 
fertilization from without is necessary 
to insure the maturing of ascocarps. The 
asc*’s cluster can be isolated by crushing 
the perithecium under a cover glass. For 
our present purpose the ascus cluster is 
all that need be shown in the illustra- 
tions. Methods of obtaining unisexual 
races for breeding purposes have been 
fully described in some of the author's 
papers cited below.+ 

On former occasions the writer has 
reported** on the effects of two lethal 
factors which operate to prevent the 
formation of spores in the asci of Neuro- 
Spora tetrasperma. The pictures repre- 
senting the effects of the dominant lethal, 
/, and of the recessive lethal, dt are 
characteristically different and both are 
unlike that showing the normal course 
of development. It will be shown in this 
paper that the operation of the new 
lethal, E, gives us still another picture 
of ascus abortion. The following account 
proceeds historically the better to bring 
out certain features. 


York Botanical Garden 


Early in February, 1934, we received 
a culture, No. 5416.8 of Neurospora 
tetrasperma from Texas through Dr. 
Charles Thom. Because the ascospores 
from this culture did not show plainly 
the striations so characteristic of Veuro- 
spora tetrasperma, we at first thought it 
might be a new four-spored species. 
Single spore cultures were isolated and 
tests were made by mating unisexual 
races with our tester races S; and Sg of 
N. tetrasperma. Since the new races 
crossed perfectly with the testers to give 
very fertile ascocarps it was plain that 
it was not a different species. Some of 
the new cultures of this Texas material 
were set aside in a laboratory case where 
they soon dried out and remained in this 
condition for five years. We recently re- 
moved some of the ascospores from the 
side of the culture tubes and gave them 
the heat treatment to test their germinat- 
ing powers. The percentage of germina- 
tion was not as high as it would have 
been had the spores been taken from 
fresh cultures, nevertheless many spores 
germinated to give us vigorous and high- 
ly fertile cultures. A new generation of 
ascospores matured within seven days, 
and after two weeks each culture tube, 
with one exception, showed black spore 
prints made up of discharged ascospores. 
No spore print was evident in the one 
culture noted. Crushed mounts of the 
ascocarps, which were just as numerous 
in this culture as they were in the other 
cultures, showed, in general, from 100 to 
150 asci all in a state of degeneration or 
abortion (Frontispiece 4). Some of 
these asci contained one or more highly 
refringent bodies shaped something like 


*Paper read at a meeting of the National Academy at Washington, April 24, 1939, 
tA brief outline of the cycle in somewhat more detail is given in a note on page 474. 
tFor deliquescent abortion, originally designated by / in paper referred to above. 
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ASCUS ABORTION AND DEGENERATION 
Figure 1 

A—Only one ascus in a cluster of over 150 in this fruit body at this time that cut out 
spores. Ascus typical of the 8-spored species N. sitophila. B—Part of a crushed mount of 
aborted asci slightly out of focus to bring out the refringent bodies which represent degenera- 
tion products. C and D—Two different ascus clusters mounted together for comparison. C—left. 
4-spored asci, all homozygous, ec, obtained by mating mycelia derived from spores from 8-spored 
asci like that in 4. D—center and right. Part of cluster of asci, all heterozygous, Ee, all but 
three having aborted. See text and Figure 3 for further explanation. 
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Aa-sex factors: €+ lethal factor: e=normal 
SEGREGATION OF SEX AND LETHAL 
FACTORS 


Figure 2 

Neurospora asci, showing uninucleate and bi- 
nucleate spores. Diagram No. 1. Normal ascus 
of N. sitephila, segregation of the sex-factors 
in the second division. 2. Normal ascus of NV. 
tetrasperma. 3-6. Various types of asci of the 
Texas race bearing lethal, E. 3. The occasion- 
al 8-spored ascus in which the primary nucleus 
was heterozygous, AaEe. Segregation of both 
pairs of factors in the second division. The 
four spores carrying E would not germinate 
to produce functional mycelia. 4. A 7-spored 
ascus, the second spore of which, carrying a 
normal nucleus ae, will germinate to produce a 
functional mycelium in spite of the presence 
of the nucleus 4. 5. The large spore contain- 
ing two normal nuclei of opposite sex will de- 
velop into a normal mycelium of N. tetra- 
sperma with 4-spored asci, while the mycelium 
from the large spore in No. 4 will give rise to 
an abnormal mycelium with ascocarps with 
aborting asci, except that occasionally one with 
eight spores matures. 6. The large spore will 
be unisexual and normal. The lower four 
spores would not germinate as each contains £. 


T hey mere rely degenera- 
tion effects. We have not made a cyto- 
logical study of this material. If it can 
be shown that each of these bodies con- 
tains a nucleus at its origin, we shall, of 
course, describe these asci as showing 
Spore abortion and not ascus abortion. 
Studies made in another connection* 
where asci homozygous for the recessive 
lethal show a very similar type of abor- 
tion, prove that the eight nuclei degener- 
ate without being included in any of the 
refringent bodies present. The number 
and size of these bodies vary. If there 


spores. 


were always four, or eight, or some mul- 
tiple of eight, one would be justified in 
suspecting that thev are in fact aborting 
ascospores. 


Figure 


The ascus cluster shown in 
was photographed slightly 
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out of focus to bring out more plainly 
the contour of the bodies. Some of them 
certainly do look like spores, but not like 
Neurospora spores, normal or aborting. 

If ascocarps in the original culture had 
shown all asci aborting we would have 
suspected that we had again found a 
mating both haploid conjugants of which 
carried the recessive lethal, d.  <Asci 
homozygous, dd, seldom if ever cut out 
spores in our cultures. About every 
tenth ascocarp of this culture from the 
Texas material did show one ascus ( Fig- 
ure 1.4) or more rarely, three or four 
asci (Frontispiece B) with spores. Such 
asci contained mostly eight and not four 
spores as they should have. Eight- 
sporedness and four-sporedness are nor- 
mally very constant and important spe- 
cific characters. If the abortions shown 
in this culture were due merely to some 
temporary unfavorable environmental or 
cultural condition, transfers to fresh 
media ought to settle the question. Nu- 
merous transfers to fresh corn meal agar, 
however, always gave us the same result’ 
—99 per cent abortion, and occasionally 
an ascus with eight spores, more rarely 
one with seven or fewer spores. If, on 
the other hand, the abortion should be 
due to some genetic disturbance, evi- 
dence should be supplied by culturing 
from these eight-spored asci, such as are 
shown in Figure 18. Such asci were iso- 
lated and the eight spores were removed 
in order. We were unable to induce by 
heat treatment more than three or four 
spores to germinate and continue on to 
produce mycelia. The others might put 
out the blister-like bubble or even make 
a fairly good germ tube with a branch 
or two but they would then die. Asco- 
spore isolations more or less at random, 
gave us some 37 races all of which were, 
of course’ unisexual because the asco- 
spores came from eight-spored asci. The 
37 mycelia which could be senarated into 
two groups as to their sexualitv by their 
cultural appearance, were mated together 
in pairs of opposite sex in all possible 
combinations. These fertile combina- 
tions all gave perithecia with asci with 
spores. No signs of abortion were evi- 
dent in any culture. The asci, however, 


Dodge: A New Lethal in Neurospora = 
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instead of having eight spores, all had 
four spores, (Figure 1C, left), as least 
never eight spores. Normal N. tetra- 
sperma asci, as is well known, do some- 
times delimit five or six spores, or some 
other number fewer than eight. I have 
never seen an eight-spored ascus in a 
normal culture. Since there could be 
no question that our new cultures show- 
ing four-spored asci had their origin in 
ascospores taken from eight spored asci, 
it was apparent that this temporary 
eight-sporedness must be connected in 
some way with the cause of so much as- 
cus abortion. The cultures from these 
eight-spored asci, however, did not prove 
this ascus abortion to be genetic. 

Parts of two different ascus clusters, 
C and D, are illustrated in Figure 1. 
The four-spored asci at C are a part of 
a mount from a perithecium developed 
by mating two mycelia derived from 
spores taken from an eight-spored ascus 
like that shown above and at the right 
in D, which is part of an ascus cluster 
from the abnormal Texas race. There 
were three asci with spores and some 
150 aborted asci in this fruit body D. 
Two of the three asci have eight spores. 
The ascus at the center has seven spores, 
one larger than the others. On the 
chance that a large spore like the one in 
this ascus might be bisexual, one was iso- 
lated. It germinated and it did happen 
to be bisexual. Instead of producing as- 
cocarps with four-spored asci, this cul- 
ture from the large spore produced fruit 
bodies showing the large percentage of 
aborting asci with an occasional 8-spored 
ascus (Frontispiece A, B). This is cer- 
tainly an anomalous situation, because all 
seven spores are the progeny following 
the reduction divisions in the same ascus 
mother cell. Culturing from the small 
spores gives us perfectly normal N. tetra- 
Sperma with four-spored asci and no 
abortion (Figure 1C), while culturing 
from the large spore from the same ascus 
we obtain mostly aborting asci, or if 
spores are cut out there will be eight and 
not four spores. This evidence would 
seem to weaken our previous statement 
that four-sporedness and eight-spored- 
ness are reliable specific characters. 
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The diagrams in Figure 2 may serve 
to make this clear from a genetic stand- 
point. No. 1 represents a normal eight- 
spored ascus of Neurospora sitophila. 
Originally every ascus must be heterozy- 
gous for the sex factors, 4d, a. It may be 
homozygous for any other factor, e. A 
diagram, No. 2, of a normal four-spored 
ascus of \. tetrasperma would show four 
binucleate, bisexual, haploid spores. It 
may be that the excessive ascus abortion 
in the cultures described above is due to 
a chromosomal deficiency. This cannot 
be proved cytologically, at least very 
easily, therefore we mav be permitted to 
speak of the abortion as being caused by 
a lethal factor, E, which is usually domi- 
nant in heterozygous asci, daEe. Occa- 
sionally the lethal does not operate to 
cause abortion of the ascus but it does 
affect the mechanism governing spindle 
orientation and nuclear distribution so 
that it is not usual for two nuclei of op- 
posite sex to be included in the same 
spore. As a consequence eight spores, 
No. 3, would be cut out. Four spores 
would be normal unisexual spores. They 
will germinate and the mycelia from the 
second and third spores, being of op- 
posite sex, could be mated to produce, 
not eight-spored, but normal four-spored 
asci characteristic of N. tetrasperma. 
The other four spores in ascus No. 3 
would each carry the lethal, FE, and there- 
fore they would not germinate to produce 
functional mycelia. Even though this fac- 
tor E, included in the fusion nucleus of 
the voung ascus, should not operate at 
first as a dominant lethal to prevent 
spore delimitation, it is bound to operate 
after spore formation to prevent spore 
germination so that in the end it becomes 
completely eliminated from the picture. 

With segregation of both pairs of fac- 
tors, da and Ee, in the second division, 
representing two different cross-overs? 
and the nuclear distribution as indicated 
in No. 4, it would be possible for two 
nuclei, AE and ae, of opposite sex, to be 
included in the same spore. Such a spore 
having one normal nucleaus, ae, would 
germinate and produce a functional my- 
celium from which would develop peri- 
thecia containing many asci. On corn 
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EIGHT-SPORED ASCI HETEROZYGOUS FOR LETHAL 
Figure 3 


Neurospora tetrasperma. Eight-spored asci from the abnorma! mycelium (AE, ae) grown 


on potato dextrose agar. 


Culturing from these 8-spored asci must always give us normal 


N. tetrasperma with 4-spored asci. The lethal E which is present in all of the asci has been 
effective as can be seen to cause some ascus abortion. The 6-spored ascus, lower right, contains 
two large spores whose genetic constitution could be told only by culturing. 


meal agar most of the asci would abort 
but the ones that did develop spores 
would usually be eight-spored again be- 
cause of the secondary effect of E on the 
ultimate spindle orientation and nuclear 
distribution just mentioned. Lindegren® 
has shown that in the eight-spored spe- 
cies NV. crassa, segregation of the sex fac- 
tors occurs in the first nuclear division 
in about 85 per cent of the asci. It can 
be seen from diagram No. 6, if the same 
percentage holds here, that it is only 
rarely that one would obtain bisexual 
spores such as are shown in diagrams 
Nos. 4 and 5. No fertile fruit bodies 
would be obtained if we cultured from 
the large spore indicated in No. 6, while 
culturing from the large spore in No. 5, 
perfectly normal four-spored asci would 
be produced. The normal or wild type 
genes for four-sporedness are not at al! 


affected by their temporary sojourn in 
an eight-spored ascus. 

In all we obtained eleven fertile cul- 
tures from large spores in which one of 
the nuclei carried the dominant lethal £, 
while the other nucleus of opposite sex 
was normal. We proved bv using the 
technique previously described’ that 
seven of the large spores had been pro- 
vided with two nuclei, AE’ ae, and the 
nuclei in four spores were Ae and aE 
respectively. The few attempts to obtain 
matings such that asci homozygous, EE 
would develop, have not been successful. 
The method would be to mate in the 
same culture two mycelia, (AE, ae). 
and (aE, Ae). We have reported previ- 
ously* some success in obtaining asci 
homozygous Aall for the dominant 
lethal /. 

Our cultures of mycelia carrying the 
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lethal, E, have so far shown no signs of 
a reversion such as has been mentioned 
in case of cultures involving the other 
dominant lethal, /,2 where in certain old 
cultures normal perithecia with no in- 
durated aborting asci were occasionally 
present. An actual reversion could not 
very well occur. If some of the dis- 
charged ascospores in an old culture 
should germinate in situ new matings 
could take place involving only nuclei 
devoid of /. This would account for the 
apparent reversions. The objection to 
this explanation has been that ascospores 
do not germinate without the heat treat- 
ment, and even then not in an old cul- 
ture. Both assumptions are probably 
wrong. Monilioid conidia in old cultures 
germinate in situ’ to produce secondary 
and tertiary conidia of smaller size. As 
has been noted a number of times’ occa- 
sionally ascospores do germinate without 
artificial heat treatment, and there is no 
reason why they might not do this in an 
old culture. Very likely our so-called 
dominant lethals / and E represent de- 
ficiencies, but until this is proved we 
have for convenience employed the sym- 
boys /i and Ee to represent the heterozy- 
gous conditions whatever they may be. 
The recessive lethal factor, d, no doubt 
represents a good gene mutation. 

The question has been raised, but not 
in print, of the advisability of calling fac- 
tors J and E dominant when they are not 
always effective to produce abortion. 
Each ascus is a separate zygote because 
its primary nucleus is a fusion nucleus 
and therefore comparable to a fertilized 
egg, heterozygous, /i or Ee. If such an 
ascus “egg” aborts before producing its 
haploid progeny spores the lethal must 
act as a dominant, in this case at least. 
We know that in animals and higher 
plants factors that are dominant under 
one environmental condition, cultural or 
genomic, may be neutral or recessive un- 
der other conditions. In this respect our 
two dominant lethals are no different. 
When we grow a mycelium (A/, ai), on 
corn meal agar, some asci always abort 
and become indurated. In the same fruit 
body there will always be some asci that 
do not abort, but, instead, they cut out 
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ascospores, usually four. The number 
varies considerably. If we grow this 
same race on a special dextrose agar at 
certain temperatures, very often every 
ascus aborts. Since they are all heterozy- 
gous, Aali, the lethal / must be strictly 
dominant under such conditions (Fig- 
ure 4). 

When our Texas races, (AE, ae) or 
(de, aE) of N. tetrasperma are grown 
on corn meal agar there is usually more 
than a 99 per cent ascus abortion, with 
an occasional ascus maturing eight spores 
(Frontispiece B). But, if we grow this 
same race on potato dextrose agar, there 
is not very much ascus abortion and a 
great many asci cut out eight spores 
(Figure 3). What is hard to believe is 
that if one should isolate the 136 spores 
from the 17 eight-spored asci pictured, 
and grow their mycelia either in pairs of 
opposite sex, or grow them all together 
in one culture there will not be a single 
eight-spored ascus in the progeny, which 
can be just as numerous as one desires. 
Taxonomists would all say that accord- 
ing to ascus and spore characters this 
culture is one of Neurospora sitophila. 
As long as one continued to transfer to 
potato dextrose agar the abortion effects 
of E would not be noticed, and the asci 
would continue to be eight-spored. How- 
ever, all one has to do to prove this is 
not an eight-spored species at all would 
be to grow cultures from ascospores, and 
at once the F; asci become four-spored. 

On potato dextrose, E is not particu- 
larly lethal to produce ascus abortion, 
but it has a decided lethal after-effect in 
that the unisexual spores carrying E die. 
We have in these lethal races (A/, ai 
and AE, ae), a situation comparable to 
that described by McClintock* where in 
a maize pollen spore with a nucleus hav- 
ing a deficient rod chromosome the pol- 
len will not function. If, however, a 
compensating ring chromosome bearing 
the genes missing in the rod chromosome 
is present in the nucleus, then the pollen 
will germinate and function. Employing 
this principle McClintock has been able 
to obtain tissues homozygous for the de- 
ficiency. In our case, assuming that / 
and E really represent deficiencies, we 
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Dodge: A New Lethal in Neurospora 


DUE TO LETHAL 


ABORTION 
Figure 4 

Asci heterozygous, Aa/i, all abort when cul- 

tured under certain conditions. / is dominant. 


have in a binucleate spore, either (4E, 
ae) or (Al, ai), plainly a compensating 
chromosome. Though it be located in 
another nucleus it certainly is potent to 
make the deficient nucleus function not 
only in vegetative growth but also in re- 
production. 

It has been asked how one can refer 
to E asa dominant lethal especially since 
a spore like the large one in the ascus 
diagramed in Figure 2, No. 4, germi- 
nates to produce a functional mycelium. 
Here, the critic says, it is the normal or 
wild type, our ¢, that must be dominant 
and E recessive, because without e no 
mycelium would develop. The explana- 
tion is that in these ascomvcetous fungi 
every cell except the young ascus is hap- 
luid regardless of how many nuclei it 
may contain. We could say that in a 
mycelium with two kinds of nuclei, 4 
and ae, the cytoplasm energized by the 
normal nucleus, ae, dominates the situa- 
tion and carries to the nucleus, AE, a 
stimulus which compels it to divide so 
that its descendents travel along as 
growth proceeds and one of them fuses 
with an ae nucleus in an ascus. 

Heretofore, we have assumed that the 
dominant lethal, 7, which operates to 
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lead to an indurated type of ascus abor- 
tion, and the recessive lethal, d, were the 
result of x-ray treatment of an asco- 
spore?*, In case of our new lethal, £, 
however, no such artificial treatment was 
applied to the ascospore from which the 
culture was obtained. The lethal condi- 
tion, E, could have arisen because of the 
long drving of the spore, or it may have 
followed the heat treatment applied to 
induce germination. Artificial irradia- 
tion is certainly not necessary to bring 
about deficiencies, if E really represents 
a deficiency. 


Summary 


A culture of normal Neurospora tetra- 
Sperma was allowed to dry out in the 
laboratory for five years. At the end of 
this time ascospores were given the heat 
treatment to induce germination. Many 
normal mycelia were obtained and a new 
generation of ascospores matured within 
seven days. Even after two weeks one 
culture which matured many ascocarps 
still showed no spore print or discharged 
spores. Most of the ascocarps present 
had from 100 to 150 asci all in a state of 
degeneration and abortion. In about one 
fruiting body out of every ten, one or 
two asci with spores would mature. 
These asci usually contained eight spores 
and not four. Rarely an ascus would 
contain sever spores, one spore larger 
than the others. Transfers to fresh media 
proved that the abortion effect was not 
due to temporary environmental condi- 
tions. Cultures derived from matings of 
mycelia obtained by germinating spores 
from these eight-spored asci matured 
perfectly normal ascocarps with four- 
spored asci. Certain cultures derived 
from the large spore taken from a seven- 
spored ascus produced ascocarps with 
mostly aborting asci with the occasional 
ascus with eight or rarely seven spores. 
Ascus abortion here is probably due to 
a chromosomal deficiency which is not 
easily proved cytologically. The action 
is the same as would be that of a domi- 
nant lethal, FE, which ordinarily, on corn 
meal agar, causes over 99 per cent ascus 
abortion. Ejight-spored asci contain four 
spores that carry not only the genes for 
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four-sporedness characteristic of ’. tetra- 
sperma, but also the lethal, E, and thus 
do not germinate to produce functional 
mycelia. The other four spores in this 
ascus, being normal, carry the genes for 
four-sporedness, but not the lethal, £, 
and, therefore, mycelia derived from 
them are normal as shown by their pro- 
duction of four-spored asci. The lethal 
: may rarely, on corn meal agar, fail to 
be effective to cause ascus abortion, 
nevertheless it exerts its lethal effect 
after spore formation to prevent germi- 
nation of those spores carrying it. The 
same race when grown on potato dex- 
trose agar develops ascocarps with much 
less ascus abortion. Many asci mature 
and produce eight spores. If one trans- 
fers monilioid conidia from such cultures, 
the new culture will again produce asci 
characteristic of the eight-spored species 
N. sitophila, but if one germinates the 
ascospores from the same culture he will 
obtain perfectly normal four-spored asci 
characteristic of \. tetrasperma. Where- 
as four-sporedness and eight-sporedness 
are very important and definite specific 
characters, the presence of the lethal, E, 
in N. tetrasperma leads either to ascus 
abortion or to the disarrangement of the 
mechanism governing nuclear spindle 
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The Life Cycle of Neurospora 
Tetrasperma 


EUROSPORA tetrasperma is a fungus 

the cells of which contain many nuclei of 
two different kinds, which are opposite in their 
sexual reactions. To call these “male” and 
“female” would be purely arbitrary, as they 
are not sexually differentiated. The normal 
mycelium, having nuclei of both sexes, would 
not need any fertilization from the outside to 
stimulate the formation of ascocarps with asci 
and spores. There are three convenient ways 
of separating the two sexes so that they can 
be grown as individual unisexual races. (1) 
The larger conidia usually contain two differ- 
ent kinds of nuclei as to their sex, while the 
smaller ones may be unisexual. By plating 
out the smaller conidia, the sexes can be sepa- 
rated. (2) The spermatia or microconidia 
borne on any bisexual mycelium will also be 
of two kinds. They can be separated by plat- 
ing. They germinate the same as any other 
snores, only more slowly. (3) By cutting off 
short tip ends of hynhal branches in bisexual 
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orientation and nuclear distribution so 
that asci heterozygous, AaEe, if they do 
not abort, will usually delimit eight 
spores, four of which, carrying E, will 
not germinate to produce a functional! 
mycelium. 
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STAGES IN LIFE CYCLE 
Figure 5 
Two stages in the development of Ascocarps 


(or perithecia) are shown: during develop- 
ment (1) and mature (C). The cells of these 
structures contain several nuclei of two differ- 
ent sexes. These can be separated and grown 
as individual unisexual races. Such unisexual 
races develop either orange colored monilioid 
conidia (B) or microconidia (D) which are 
usually colorless. When crossed these races 
yield normal ascocarps (C). 
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A NEW MAP OF THE SECOND 
CHROMOSOME 


A Revised Map of the Right Limb of the Second Chromosome 
of Drosophila Melanogaster 


Cavin B. Bripces* AND Puitip N. BripGest 


HE revision of the right limb of 
the second salivary chromosome 
has been carried out exactly as 
was the revision of the X-chromosome 
(JourNAL or Herepity, Vol. 29, 1938). 
The same methods and materials were 
used to establish the presence of many 
additional faint bands, and to establish 
a more exact characterization of the 
bands, many of which, pictured former- 
ly as single, have now been analyzed as 
capsules or doublets. The relative inten- 
sities of the bands are better represented. 
As before, the mapped lines have all been 
numbered, and their character indicated 
directly below the cytological map. The 
present map serves as a supplement to 
the map of 1935; the major features and 
divisions stand substantially as they were 
there. This map is an improvement for 
special studies since the revised banding 
is adequate without need for new study 
for each new problem. The revision does 
not represent the lax condition of the 
salivary chromosome, hence when this 
map is used by others allowance must be 
made for different amounts of stretch in 
preparations, and for differences in pro- 
portionate distances between divisions. 
The material used exclusively in the 
revision was permanent aceto-carmine 
smears, prepared by the method de- 
scribed in DIS-6, the euparol and dia- 
phane mounting mediums, of high index 
of refraction, resulting in superior trans- 
parency and definition. 
The preparations were made from 
salivary glands of larvae raised to maxi- 
mum size by careful culturing, and the 


dissection and fixation were carried out 
under chilling conditions, which gives 
sharper outlines and less capsulation and 
diffusion of the bands than occur with- 
out chilling. Dehydration was by the 
vapor replacement method, and_ the 
mounting was directly from 95% alco- 
hol into euparol or diaphane, the latter 
being most often used. 

Slides which were selected for favor- 
able conditions of fixation and staining, 
and for large size of chromosome, were 
examined for regions of the 2R-chromo- 
some free from kinks and of maximum 
possible stretch without distortion of 
structure and banding. From seven or 
eight of the best of these regions camera 
lucida drawings were made at 5,000 
diameters for each of the twenty divi- 
sions. The revision consists of a general- 
ized average of this series of drawings, 
its dimensions being averages of the 
measurements of individual drawings. 
Both length and diameter of each of the 
120 sub-divisions were taken from each 
of the separate drawings and averaged to 
make the general map; the individual 
bands then being filled in by comparison 
of all these drawings, checking disagree- 
ments in number and character by refer- 
ence both to the original preparations 
and to new ones selected for checking, 
the closest compatible structure to all of 
these being taken as the standard for 
the map. 


Changes in the Map 


The previous limits of the major divi- 
sions, as marked on the 1935 map, have 
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been retained in every case, and the six 
or seven sub-division lines which have 
been shifted were moved in each case 
only one line to the left or right to make 
use of a heavier line whose exact charac- 
ter was revealed only in the revision, 
clarifying the identifications. These 
slight changes were not marked on the 
revision, as it is felt that the changes are 
clear. 

The new map shows 1,136 numbered 
lines, as compared with the 660 on the 
1935 map. The length of the new map 
is 446 micra as compared with 245 micra 
for the old. This difference in length is 
due to choice of larger chromosomes and 
to use of sections of greater and more 
uniform stretch. In using the map it 
must not be forgotten that smaller chro- 
mosomes and less stretched ones will fail 
to show faint bands, or will show two 
close faint bands as a single slightly 
heavier one, and that doublets and cap- 
‘sules in general will often appear single. 
Greater stretch may resolve bands indi- 
cated here as single into two close bands, 
particularly the fainter ones whose exact 
nature is difficult to analyze. 


Difficult Regions 


Regions particularly difficult to make 
out were the basal portion (division 41) 
or chromocentric region, where the band- 
ing is diffuse and irregular, tending to 
break up into granules; and_ several 
other regions where the banding becomes 
diffuse or foggy, and a number of faintly 
staining regions where all the bands are 
light and spread apart. The foggy re- 
gions most noted are in 424, where the 
bands puff out; in 43E, with three dif- 
fuse bands; in 47C with a large puff; 
and in 52C where several dark diffuse 
bands cause confusion, as also in 55C 
and 58E. Regions of particularly faint 
banding occur in section 46, almost in 
its entirety, and in the central part of 
section 56. Sections in general rather 
pale are 43, 52, 54 and 57. Several short 
regions appear as though they might be 
repeats; the most notable being 56F to 
57B6, though these regions never show 
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the twisting and buckling associated with 
the repeats in 2L. 

Observations of these stretched chro- 
mosomes show, in comparison with lax 
chromosomes, that most of the yielding 
is in the unstained material between 
bands, which move apart, and may sepa- 
rate into components, but appear to re- 
tain their original narrowness. Regions 
of faint banding tend to stretch more 
than the heavily banded parts, becom- 
ing smaller in diameter, as is shown in 
section 46. 

For comparison of the linkage and 
chromosome maps the upper line of the 
figure gives the latest revision of the 
position of genes of the right half of 
the second chromosome as published in 
Tabulae Biologicae*. The lower line 
gives the present salivary revision at 
one-fourth the linear magnification of 
the detailed map below. The characters 
blo and chil are located according to data 
in the paper on Notopleural’, sca and vg 
from the Carnegie Report of 1937-1938°, 
fj from unpublished data, and the re- 
mainder from the paper on the tip of 
2R*. Solid lines indicate positions locat- 
ed with exactness or reasonable accura- 
cy, while dotted lines indicate positions 
located only approximately. 
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INHERITED INABILITY TO SWEAT 


L. C. Gtass AND DarRRELL H. Yost 


SMALL number of families have 
A been reported in which certain 
individuals lack the ability to 
sweat. In hot summers these individuals 
often must live in bathtubs or basements 
or be subject to high fevers. One child 
even learned to take its nap in a tub of 
water. The critical temperature seems 
to be around 85 degrees F., above which 
point increasing distress is manifested. 
The authors report such a family (see 
Figure 7) from the northwestern United 
States. 

I-2. Individual is now 83 years old, 
has never perspired, and has always been 
subject to severe headaches of a nervous 
type which often last for a week at a 
time. This individual lacks mammary 
glands and has quite thick lips. In youth 
she had stomach trouble, but outgrew it. 

II-1. I-2’s daughter has never per 
spired, and has the same type of head- 
aches as her mother, lacks mammary 
glands and has quite thick lips. The 
vermilion border of the lips is not very 
clearly defined. She has the same type 
of stomach trouble as her mother, but has 
not outgrown it. II-1 is second to 
youngest in this sibship, and has six 
sisters and four brothers. 

III-2. In the next generation, the 
second son of II-1, has also inherited 
lack of sweat glands. Has the same type 
of nervous headaches and_ stomach 
trouble, and also the same type of thick 
lips as his mother and grandmother. All 
the above have brown hair and the meta- 
bolic rate is reported as being low espe- 
cially during nervous disturbances. 

Weech* gave the condition described 
above the name of hereditary ectodermal 
dysplasia of anhydrotic type. This con- 
dition was first described by Thurman in 
England in 1848. Autopsy was made in 
this case, and also in a case by Zelig 
in 1931. In all some twenty clear-cut 
cases have been described up to this time. 

Schwarz*® gives a good summary of 
the literature, and describes the condition 
as being an inherited developmental an- 
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GENETICAL “MUMS” IN THREE 
GENERATIONS 
Figure 7 
Individuals who never perspire because of 
an inherited abnormality of the sweat glands 
must spend their summer days in a bath tub 
to avoid disasterous fevers. This brief pedigree 
suggests dominant inheritance. Other workers 
report more complicated pedigrees, which sug- 
gest recessive inheritance. 


omaly involving structures having ecto- 
dermal origin. Not only is there ab- 
scence of sweat glands in the skin, and 
heat intolerance, but a number of as- 
sociated skin defects may be found. The 
skin itself is glossy and dry; the nails 
are often spoon-shaped; teeth may be 
absent or pegged; hair may be absent; 
the special sense endings of the skin may 
be defective; mammary glands may be 
lacking; there may be no well-defined 
vermilion border to the lips; there may 
be papular lesions on the face; the lips 
may be thick and protruding ; the mucous 
membranes and sebaceous glands may be 
abnormal. The individual may lack the 
ability to shed tears, have a depressed 
nasal bridge and prominent supraorbital 
ridges may be present. Syphilis and 
tuberculosis were not reported in any 
case, and were negative where actual 
tests were made. 

Mogens! examined the sweat glands of 
non-sweating individuals, and found that 
the glands were not normal but were 
merely cystic hollows, covered with flat 
cells. 

Roth,? of the Mayo Clinic, has de- 
vised a cobaltous chloride test for ab- 
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sence of sweating. A blue striped skin 
turns red when sweating is present, but 
remains blue where it is absent. When 
the patient is kept under a baker or given 
hot water to drink, this makes a good 
test. 

Absence of sweat glands and failure 
to sweat seems to be definitely inherited. 
From data presented by the authors, and 
from the family histories given in the 
literature, it seems that the condition 
could be inherited as an autosomal re- 
cessive, or by a more complicated geneti- 
cal pattern than simple mono-hybridism. 
It could not be inherited as a simpie 
dominant, either autosomai or sex-linked, 
unless it is assumed that normal can part- 
ly or completely overlap a genotypic 
non-sweating condition. It seems most 
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unlikely that the condition could be 
sex-limited. On the basis of published 
pedigrees, non-sweating could not be in- 
herited as a sex-linked recessive. Dogs, 
hogs and cattle have been reported to 
lack functional sweat glands. It seems 
that ectodermal derivaties are chiefly af- 
fected by the non-sweating factors. 


Literature Cited 


1. Mocens, Foc, M. D. Acquired anhi- 
Jour. Am. Med. Assn. 107 :2040-2045. 
1936. 

2. Rotn, G. M. Clinical Test for Sweat- 
ing. Proc. Staff Meet., Mayo Clinic. 10:383- 
384. 1935. 

3. Scuwarz, E.G. Hereditary Ectodermal 
Dysplasia of Anhidrotic Type. South. Med. 
Jour. 28:606-609. 1935. 

4. Weecn, A. A. Hereditary Ectodermal 
Dysplasia (Congenital Ectodermal Defect). 
Am. Jour. Dis. Child. 37:766. 1929. 


+ 
EARLY “INVENTIONS” IN EVOLUTION 


HE first nineteen chapters of this 
book* are devoted to brief discus- 
sions of meiosis, polyploidy, structural 
hybridity, spiralization, the mechanism 
of crossing-over, the evolution of sex, 
sterility, apomixis and other fundamental 
topics in cytogenetics. Emphasis 
placed on the variability and evolutionary 
tendencies exhibited by these properties 
of genetic systems. Practically no new 
material is presented in these chapters. 
The criticism was made of Darling- 
ton’s “Recent Advances in Cytology” 
that observations which conflicted with 
his theories were given little considera- 
tion. In this book alternative theories 
are not mentioned. Furthermore, the 
responsibility of distinguishing fact from 
theory often rests with the reader. 
Chapter twenty deals with the role of 
cytoplasmic constituents in heredity. 
After briefly reviewing the literature on 
the inheritance of plastids and “plasma- 
genes” the author concludes that, “There 
is no excuse for doubting that such tests 
show the action of a permanent cyto- 
plasmic determinant. Or, shall we say, 
determinants ?” 


Up to this point the content of the 
book is primarily a build-up for the final 
“punch” chapter, entitled “The Evolu- 
tion of Heredity,” in which are included 
discussions of these questions: What 
evolutionary steps gave rise to the dif- 
ferent systems of heredity existing to- 
day? What principles underlie these 
changes? What role does natural selec- 
tion play in steering the course of the 
evolution of genetic systems ? 

In attempting to answer the first ques- 
tion, Darlington assumes that the orig- 
inal hereditary substance was a self-pro- 
pagating molecule with no differentia- 
tion between genes. This was not only 
the prototvpe of the chromosomes, but 
of the “plastogenes” and “plasmagenes” 
as well. 

The first evolutionary step was sup- 
posedly the ‘invention” of mitosis and 
the arrangement of differentiated genes 
on linear threads. This formed a higher 
level of organization, namely, organisms 
which reproduce asexually. 

The next step was the adoption of 
sexual reproduction, which depended on 
the “invention” of meiosis, distinguished 
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Early “Inventions” in Evolution 


from mitosis by the precosity of the be- 
ginning of prophase in relation to the 
division of the chromosomes. Postpone- 
ment of meiosis until after a number of 
mitoses had taken place prepared the 
way for the origin of all higher plants 
and animals. 

Darlington then discusses the follow- 
ing principles which he considers under- 
lie the evolutioriary steps outlined. 

(1) The changes must have been 
gradual and the action of the mutating 
genes interlocked and coordinated, as, 
for example, to bring about the differ- 
entiation of the sex chromosomes from 
the autosomes and (by suppression of 
crossing-over ) from each other. 

(2): Variation is dependent on 
changes in the chromosomes which are 
determined by conditions of molecular 
stability and are biologically at random. 
The combinations of these changes, to- 
gether with the selective action of en- 
vironments, determine adaptability. 

(3) Genetic systems can change while 
external forms remain the same. This 
is shown, e.g., in certain species of Dro- 
sophila which look apnroximately alike 
but have different chromosome arrange- 
ments. 

(4) Compromises are enforced on the 
genetic system by selection, the most 
fundamental being that high crossing- 
over is needed for chromosome pairing 
and low crossing-over to preserve com- 
binations. 

(5) Different relationships exist be- 
tween the genotype and its environment. 
The cell in development is exposed to 
an internal environment, the individual 
to an external one and, “For the genetic 
system in adaptation and evolution the 
environment consists of little beyond the 
rest of the species. All its changes are, 
or can be, entirely neutral with regard to 
other parts of the external world.” 

In discussing the role of selection in 
the evolution of genetic systems, Dar- 
lington points out that it acts not on the 
whole life cycle as a unit, but “at every 
level. gene or chromosome, cell and in- 
dividual, and in every stage and process, 
haploid and diploid, mitotic and meiotic, 
embryonic, and adult.” Selection in the 
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haploid generation may result, for exam- 
ple, from competition among male gam- 
etes of plants. Loss or gain of chromo- 
somal material in meristematic cells may 
bring about selection at that stage in de- 
velopment. Selection among genes in 
the genetic system is demonstrated by 
the fact that those near the centromere 
cross over less frequently than in other 
parts of the chromosome and are, there- 
fore, less capable of being freely recom- 
bined and selected. 

Darlington develops what he calls the 
principle of anticipation which is that, 
“variations may survive merely because 
they favour posteritv.” The capacity for 
sexual reproduction, improvements in 
meiosis, and devices for insuring cross- 
pollination are of no advantage to the 
generation ix which they first appear, but 
rather to their progeny, and having a use 
they survive. 

New variations are often deleterious 
in the combination in which they first 
occur. They may, however, be carried 
through generations in recessive condi- 
tion, and in new combinations and a new 
environment be more suitable than the 
original type. 

The final conclusions reached are: 

integration and_ selection as 
shown by the genetic system are both 
related to one cardinal property: the 
recombination of genetic differences by 
sexual reproduction in systems main- 
tained at a high level of hybridity. .. . 
The capacities of a genetic svstem for 
evolutionary change are limited by its 
properties at every level—by its cvtoplas- 
mic molecules, by its genes, their num- 
ber, kinds, and stability, by its chromo- 
somes and their properties of combina- 
tion, by its mating system and sexual 
affinities. by the uniformity and stability 
both of its genotype and of its environ- 
ment. Within these limits and at these 
levels, both severally and relatedly, natu- 
ral selection controls the destiny of the 
svstem. We may say that the evolution 
of genetic systems is the historv of the 
various ways in which these systems have 
come to expose their components to natu- 
ral selection.” 

The book is illustrated by twenty-six 
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figures. About half of these may be 
found in Darlington’s Recent Advances 
in Cytology in identical or somewhat 
modified form. There is a full page fig- 
ure consisting of diagrams in red and 
blue showing the relationships of paired 
chromosomes during the prophase of 
meiosis. A bibliography of ninety-one 
references and an index complete the 
book. 

The Evolution of Genetic Systems 
is of interest because it gives observa- 
tions and theories of a cytologist with 
wide experience and recognized ability 
interpreting cytogenetic phenomena from 
the viewpoint of evolution. Its value lies 
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in presenting a broad picture of the prob- 
able ways in which evolution has changed 
and is changing the systems through 
which and on which it must act. 

The use of the book, as such, to its 
intended public is not clear to the re- 
viewer, since it is neither a text nor a 
popular book. It was obviously written 
for those trained in cytogenetics. Yet 
about 113 of the 133 pages of the text 
are devoted to sketches of material al- 
ready available in more detail in a pre- 
vious book by the same author. 

Harotp H. 


Bureau of Plant Industry, 
U. S. Department of Agriculture. 


Tuberculosis and Family Size 


T has been suggested, but never adequately 

proved, that prevention and control of tuber- 
culosis increase the susceptibility of the stock 
by permitting the survival and reproduction of 
less resistant individuals. Curiously enough, 
little attention has been given to the possibility 
that low fertility in tuberculous families might 
work in the opposite direction by curtailing the 
spread of infection and reducing the susceptible 
population. Numerous studies have shown the 
high mortality of persons in familial contact 
with tuberculosis, but hitherto little has been 
known of the effect of the disease on fertility 
or on the size of family. 

A study of Jean Downes on the Effect of 
Tuberculosis on the Size of Family (Milbank 
Memorial Fund Quarterly, 17 :274-287, 1939), 
presents pertinent evidence for a small sample 
obtained in connection with a health survey of 
a rural area in Cattaraugus County, New 
York. Data are available for two series of 
tuberculous families. One group married be- 
tween 1850 and 1890, the other between 1900 
and 1929. There are also two comparable 
series drawn from the general population. The 


data permit the computation of cumulated birth 
rates and average sizes of families for succes- 
sive years following marriage. In the older 
group the tuberculous families were only 
slightly less fertile than the general popula- 
tion. Among couples married after 1900, the 
tuberculous families were much less fertile. 

In both groups the tuberculous families were 
smaller than those in the general population 
virtually throughout married life. In the earli- 
er series the difference was largely due to the 
higher mortality of the tuberculous families. 
In the recent series both higher mortality and 
low fertility were important. 

Commenting on the broader significance of 
the findings, Downes points out that: “The 
tendency of the tuberculous family unit to be 
eliminated more rapidly through a somewhat 
lower fertility operating in conjunction with an 
excessively high mortality among offspring has 
probably been a factor contributing to the de- 
cline in the tuberculosis death rate which has 
been occurring over a long period of years.” 
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POLLEN FERTILITY IN IRIS 


And Its Bearing On the Hybrid Origin of Some of Small’s “Species” 


Herpert P. RILey* 
Department of Botany, University of Washington, Seattle, Washington 


STUDY of the Irises native to 

southeastern Louisiana led Small 

and Alexander® to describe over 
eighty types as distinct species. Viosca® 
and Foster? maintained that /. hexagona 
var. giganticaerulea (Small) R. C. Fos- 
ter, /. fulva Ker-Gawler, /. brevicaulis 
Raf. (= J. foliosa Mackenzie and 
Bush), and /. virginica L. are valid spe- 
cies but that many of the other putative 
species of Small and Alexander are hy- 
brids. Rilev** showed that in one small 
area near Kraemer, Louisiana, nearly 
twenty different morphological types ex- 
isted, each of which would undoubtedly 
be considered a species according to 
Small’s criteria, but that because of their 
peculiar geographical and ecological lo- 
cation and their morphological nature, 
most of them could be best interpreted 
as the result of comparatively recent hy- 
bridization. It was further pointed out 
that these plants resembled so closely 
some of Small’s numerous species, that 
the suggestion of a similar hybrid origin 
for many of those species is supported. 
In addition to the examination of the 
morphological characters of those plants, 
pollen fertility was also studied. All 
plants of /. hexagona var. giganticaerulea 
were highly fertile except three and there 
is good evidence that two of these were 
of remote hybrid origin, difficult to de- 
tect. Plants of /. fulva were also highly 
fertile. Of the fifteen undisputed hy- 
brids, ten had a much lower per cent of 
fertile pollen, and plants which were 
more highly fertile resembled more close- 
ly one of the two species in other re- 
spects. 


Materials and Methods 


The object of this study was to ex- 


amine pollen fertility in plants of /. hexa- 
gona var. giganticaerulea, 1. fulva, 1. 
brevicaulis, 1. virginica and plants which 
have been interpreted as hybrids. Most 
of these plants had been collected by 
Mr. Viosca and transplanted into his 
garden, and are of ‘significance as most 
of them had been collected from Small’s 
type localities. Under /. hexagona var. 
giganticaerulea are included some typical 
plants, an albino, three unusually dark 
plants from Lafitte and four other types 
which are designated in this paper by 
the names used by Viosca to distinguish 
them from typical specimens. Forms 
such as Miraculosa, and Angel Wings 
are described in Viosca’s price list of 
native Louisiana Irises (Viosca‘’) ; Cit- 
ronella is an undescribed form with a 
greenish crest. Table I lists these plants 
and also a number of probable hybrids. 
Viosca‘ considers that /. vinicolor Small, 
I. viridivinea Small, 7. Thomasii Small, 
fulvaurea Small, chrysophoenicia 
Small (Pontchartrain Sunset), and two 
forms which he names Grapejuice and 
Imperialis are of hybrid origin, and 
Pontchatoula Blue probably is also a hy- 
brid. In this table are not included 
Kraemer’s plants discussed previously. 

Pollen from a flower which had just 
opened was dusted on to a slide which 
had been smeared lightly with egg al- 
bumin. A drop or two of aceto-carmine 
was added and a cover glass dropped 
gently over the area. By means of a 
mechanical stage, a horizontal or verti- 
cal area across the slide was studied and 
all fertile grains counted by a hand 
tally; the slide was then turned back- 
ward over the same area and all the 
sterile grains were tallied. This pro- 
cedure was usually adopted for one hori- 


*Contribution from Department of Biology, Newcomb College, Tulane University, New 


Orleans, Louisiana. 
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TWO IRIS SPECIES 


Figure 8 

A is a typical flower of /ris fulva, the copper-colored species which is found on the slopes of 
deltaic ridges in southeastern Louisiana. The exserted stamens which protrude beyond the lim)s 
of the style and stylar appendages, and the dropping character of the sepals are characteristic of 
this species. A typical flower of /. hexagona var. giganticaerulea is shown in B. This variety is 
generally larger than fu/zva and has larger blue-violet or violet-blue flowers. It inhabits the fresh- 
water marshes of southeastern Louisiana. The rare hybrids between these two species are some- 
times strikingly beautiful. Photographs approximately “%. 


zontal distance near the center of the Viosca has maintained that this latter 


slide and for five vertical regions at 
fairly regular intervals from one an- 
other, so as to get as random a sample 
as possible and to include the outer re- 
gions of the cover glasses as well as the 
central area. In almost all cases, over 
300 grains were counted and in most 
instances the number was over 1,000. 


Observations and Discussion 


Percentage of fertile pollen from 
forty-one plants of /. hexagona var. gi- 
ganticaerulea, twenty-six plants of /. 
fulva, thirteen of /. virginica and three 
plants of /. brevicaulis is listed in Table 
I. These plants are all highly fertile. 
Table I shows that three plants which 
probably originated from a cross between 
I. hexagona var. giganticaerulea and I. 
virginica vary between 68 and 72 per 
cent in fertilitv. Thirty-four probable 
hybrids between /. hexagona var. gigan- 
ticaerulea and J. fulva vary in fertility be- 
tween 69 and 85 per cent. Two plants 
of J. fulvaurea Small are highly fertile. 


species was of hybrid origin but probably 
back-crossed to /. fulva several times so 
as to approach that species in external 
appearance. Foster? recognizes this po- 
sition but suggests also that it may pos- 
sibly be merely a variant of /. fulva. The 
high fertility would support the view of 
Foster but not conclusively since several 
successive back-crosses to /. fulva could 
result in a genom close to that of /. fulva, 
and such a genom would probably show 
a high degree of fertility. 

The relatively higher fertility of /. 
hexagona var. giganticaerulea, I. fulva 
and of the other two species over the 
putative hybrids is generally striking 
and consistent. This is true whether the 
hybrid types are wild plants not identi- 
fied directly with Small and Alexander’s 
“species” or whether they are well rec- 
ognized as tvpes listed by those authors. 
As has been pointed out (Riley?) for 
a wild population, plants which resemble 
I. hexagona var. giganticacrulea and 1. 
fulva are generally more highly fertile 
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than those which show some degree of 
intermediacy in morphological charac- 
ters and geographical location. The ex- 
tension of this principle to other types 
such as /. vinicolor Small, J. Thomasii 
Small, /. viridivinea Small and J. chry- 
sophoenicia Small and to additional un- 
named varieties all of which show evi- 
dence of hybridization when examined 
morphologically supports the views ex- 
pressed by Viosca®, Foster*, and Riley* 
that most of the many “species of south- 
ern irises had a hybrid origin.” These 
other studies were based chiefly on in- 
formation from comparative morphology, 
ecology, and geographical location, and 
to evidence from those disciplines can 
be added that of pollen fertility. The 
relation between index values assigned 
according to Anderson’s'! method and 
sterility is interesting. Plants of inter- 
mediate index values are generally less 
fertile than plants of index values com- 
parable to those of a true species. When 
plants of three of Small’s “species” the 
index values of which were intermediate, 
because their phenotypes appeared to be 
made up of combinations of characters of 
two other species, were classified accord- 
ing to this method, they were observed 
to be considerablv more sterile than 
either of the probably parental species. 


Summary 


Widely divergent views have been 
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held as to the nature of the Louisiana 
irises. 

Pollen fertility of /. hexagona var. gi- 
ganticaerulea (Small) R. C. Foster, /. 
fulva Ker-Gawelr, /. virginica L. and /. 
brevicaulis Raf. was found to be high; 
for almost all plants examined it was 
88 per cent or better. 

A number of plants of several of 
Small’s species were less highly fertile 
than any plants of the other species and 
generally ranged between 68 and 85 per 
cent. 

The hybrid nature of these irises is 
now well proven from several lines of 
evidence. 
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TABLE I.—Fertility of Pollen in Some Species and Hybrids of Iris 


Species, hybrid, variety or 
horticultural form 


Pollen Fertility : 


61-70% 71-80% 81-90%  91-100% 
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Typical form 
Melanistic form 
Citronella 
Perilla 
Miraculosa 
Angel Wings 
Albino form 
I. fulva Ker-Gawler — Typical form 
1. virginica L. — Typical form 
I. brevicaulis Raf. 
Typical form 
I. brevipes Small 


hexagona var. giganticaerulea I. virginica 


Ponchatoula Blue 
he ragona var. giganticae rulea x fulva 

I. vinicolor Small 

viridivinea Small 

Thomasii Small 

I. chrysophoenicia Small 

“Grapejuice” 

“Imperialis” 

fulvaurea Small. 


»xagona var. giganticaerulea (Small) R. C. Foster 
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SWEET POTATO VINES BLOSSOMING ON STAKES AND TRELLISES 
Figure 9 
In order to produce sweet potato seeds for genetic studies and plant breeding, the author protected 
the plants in greenhouses over winter, and set them out in the field after danger of frost was past, placing 
trellises or stakes for the vines to run on. The photographs show four scenes from the sweet potato breed- 
ing experiment, with the vines growing and blossoming on wire trellises (4, C) and on stakes (B. D). 
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FURTHER STUDIES AND TECHNIC USED 
IN SWEET POTATO BREEDING 
IN LOUISIANA 


Juttan C. MILLER 
Louisiana State University 


NTIL recent years, little interest 
has been taken by plant breeders 
in problems dealing with the de- 

velopment of improved varieties of sweet 
potatoes. Perhaps this work has been 
neglected especially in the continental 
United States, because here the sweet po- 
tato has rarely produced flowers and true 
seed. Without the production of seed, 
the plant breeder’s progress is handi- 
capped, and he has to depend entirely 
upon selection of new types that occa- 
sionally appear as mutations. In most 
cases, these mutations are retrogressive, 
so that progress is necessarily slow. 

By inducing the sweet potato to flower 
and seed, a breeding program could be 
established with definite purposes in 
view, such as breeding for high produc- 
tion, disease resistance, and increased 
starch, sugar, or carotene content. In 
1938, the writer® established a breeding 
program for sweet potatoes at the Lou- 
isiana Agricultural Experiment Station 
and obtained flowering and seed produc- 
tion under greenhouse conditions. 

Since greenhouse space was limited, 
one of the objects of this study was to de- 
termine ways and means of inducing the 
sweet potato to flower and set seed under 
field conditions. 


Review of the Literature 


Most of the work on improvement of 
the sweet potato has been confined to the 
propagation of outstanding mutations. 
Rosa,!° Wada,'* Thompson,'* and Mil- 
ler* found no tendency for sweet potato 
plants to flower and set seed. Rosa said 
that the sweet potato plant rarely flowers 
and seeds in the continental United 
States. Wada’* reported that on Nauser 
(Loocho) Island it commonly blooms 
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every year during November and De- 
cember. Miller® stated that there was no 
record of seed being produced by con- 
trolled crosses in the United States. 
Thompson,'* in 1925, at the Virgin Is- 
land Agricultural Experiment Station, 
wrote “Seed production is restricted 
rather closely to tropical regions. The 
plants frequently flower in the South At- 
lantic, and Gulf States of the Mainland, 
and occasionally as far north as Wash- 
ington, D. C., but it is only in excep- 
tional cases that perfect seed mature in 
the United States. Flowering is com- 
mon in most tropical countries, but seed 
often fail to set. A relatively dry, tropi- 
cal climate apparently is conducive to 
seed production, whereas the more hu- 
mid areas are less favorable.” 

In 1935, Tioutine’? made considerable 
effort to induce flowering in varieties 
that did not flower naturally by restrict- 
ing the root system, by grafting on other 
species of Ipomea, or by growing as per- 
ennial cultures under glass, but he was 
not successful and he stated that the 
ability to produce flowers and seed is a 
varietal characteristic. 

Published records of seed production 
in sweet potatoes supplemented with 
data obtained by correspondence with 
Stout!? seem to indicate definitely that 
seeds can very generally be obtained 
when plants are in good bloom, provided 
there is proper cross-pollination, and that 
either the one-sided impotence of inter- 
sexualism or, more probably, certain in- 
compatability in fertilizations causes the 
failure of production of seed. In 1926, 
Stout'® published additional information 
together with that recorded earlier,’ 
which indicated that during the period 
of maximum blooming the type of steril- 
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BLOSSOMS OF THE SWEET POTATO 
Figure 10 
A close-up photograph of sweet potato flowers, which are by natu ral agents. 


seldom seen in this country, although sweet potatoes often 


flower in the tropics. 


fertility. He also reports 
that green stem, white 
skin, and white flesh are 
dominant to red stem, 
red skin, and _ yellow 
flesh, respectively, and 
that the segregation takes 
place according to ratios 
of either 3 to 1 or 15 to 1. 

Thompson’s'* work 
showed that the tendency 
to produce seed and flow- 
ers in profusion varies 
with the variety and also 
between individual plants 
of the same variety. Even 
in varieties of good seed- 
ing habits the larger 
number of the plants of- 
ten fail to produce seed. 

Tioutine’ reports that 
of 320 flowers artificially 
self-pollinated only four 
produced seeds, indicat- 
ing that fertility is the ex- 
ception rather than the 
rule. 

Self- and cross-pollina- 
tion is possible in some 
varieties of sweet pota- 
toes according to Thomp- 
son.'* Both self- and 
cross-pollination may be 
produced by artificial or 


Among natural agents, 
insects, mostly bees and 


ity operating in sweet potatoes is that of 
incompatability in the process of fertiliza- 
tion. Most seedlings and most clonal 
varieties appear to be completely self- 
incompatable. Wada'* in 50 races, found 
23 self-sterile. Others produced from 5 
to 50 per cent seed from flowers. He 
says that hybrids between two self-sterile 
races or between a self-sterile and a near- 
ly self-sterile race produce no seed, but 
that reciprocal crosses between a self- 
sterile and a self-fertile race gave fruits 
and the fertility of the crosses varied di- 
rectly with the fertility of the self-fertile 
race. Crosses between two self-fertile 
races may result in an increased self- 


ants, are responsible for 
cross-pollination, and in certain cases the 
wind will cause self-fertilization. 
McClellan,* in his preliminary studies 
upon the effects of varying the period of 
daylight exposure upon beans and sweet 
potatoes, found pronounced effects upon 
growth and blossoming. An_ 11-hour 
daily light exposure proved to be more 
favorable to the blossoming of sweet po- 
tatoes than a 13.5-hour exposure. 
Boswell’s! report, in 1937, shows that 
most of the breeding work with sweet 
potatoes in this country still consists of 
hill-unit selections of outstanding mu- 
tants, though an increased interest in 
hybridization and selection of outstand- 
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ing seedlings is indicated. The breeding 
work with seedlings in the continental 
United States consists of growing seed- 
lings from seed produced in areas where 
the species seeds naturally, such as Cuba, 
Puerto Rico, and Hawaii. 

In 1937, Miller® reported that by simu- 
lating conditions under which natural 
flowering occurs, he was able to get 
flowering and seeding with Porto Rico, 
Porto Rubio, and U. S. Seedlings B-52 
and 291. 

Tests conducted by Thompson™ and 
by Miller® have shown that good seed, 
even when planted under the most fa- 
vorable conditions, will germinate very 
irregularly. The first plants come up 
within two to four days and the others 
continue to come up over a period of 
three or four months. 

According to Steinbauer™ treatment 
with concentrated sulfuric acid for 20 
minutes is the most practical means of 
scarifying sweet potato seed to hasten 
germination. 


Methods of Overwintering Plants and 
the Effect on Subsequent Flowering 
and Seeding 


In order to obtain information on com- 
parative methods of producing seed and 
seedling sweet potatoes, a number of ex- 
periments were carried out at the Louisi- 
ana Experiment Station during the fall 
of 1937 and spring of 1938. 

Using the Porto Rubio, Porto Blanco. 
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VINE GIRDLED TO FORCE FLOWERING 
Figure 11 

Photograph of the base of a girdled vine 
showing how the operation was practiced in 
order to induce flowering. This plant had been 
girdled twice when the photograph was taken, 
as is shown by the two deep notches in the 
stem. Vines are first girdled when they begin 
to produce heavy vegetative growth. 


TABLE I.—Methods of Overwi ing and the Effect on Flowering and Seeding, Spring, 1938 
Date of Total number Per cent flowers 

Variety Treatment* flowering of flowers setting seed 
Porto Rubio 1 June 2 137 6.2 

2 May 15 267 13.9 

3+ Killed by cold 
Porto Blanco 1 June 9 33 18.1 

2 June 3 153 29.5 

3 Killed by cold 
Wennop 1 May 23 16 6.2 

2 May 11 296 14.8 

3 No sign of flowers 
B-52 1 May 23 29 7.1 

2 May 15 154 13.3 

3 May 16 78 15.2 


*Treatment 1. In greenhouse beds. 


2. In 10-inch pots in greenhouse. 
3 


In glass-covered cold frame. 


tEven though protected, the plants were killed by the low temperature. 
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Wennop, and B-52 varieties, three meth- 
ods of overwintering were compared: 

I. Plants used in the first group were car- 
ried over the winter in greenhouse beds and 
the vines trained to a wire trellis. On March 
21 vines 36 inches in length were removed and 
planted in the field. 

II. Plants of the second group were carried 

‘ over the winter in 10-inch pots in the green- 
house. Vine cuttings, 36 inches long, were 
made on November 16, rooted in water, an 
then potted. On March 21, they were moved 
to the field. 

III. The third group of plants was carried 
over the winter under a glass cold frame. A 
frame three feet by six feet was made about 
each plant, which was covered with a sash and 
six inches of straw when there was danger of 
a freeze. The frame was kept open as weather 
permitted. On April 1, the frame was removed 
and the vines were trained to a wire trellis. 

Table I summarizes the results of the 
three methods of overwintering plants 
on flowering, on the total number of 
flowers produced, and on the percentage 
of flowers which set seed when open- 
pollinated. 

It would seem from the data obtained 
that the second treatment was the best 
method of overwintering plants. In this 
case, the plants were overwintered in 
10-inch pots in the greenhouse. Three of 
the four varieties not only blossomed 
from five to ten days earlier than the 
plants carried over in the greenhouse 
beds, but also produced a significantly 
larger number of flowers, as well as a 
higher percentage of seed set. B-52, the 
only variety in this test that overwintered 
well in the cold frames, has consistently 
shown a greater resistance to cold than 
any variety yet studied. 

In addition to the four varieties men- 
tioned above, nine other varieties and 
seedlings were carried over the winter 
in the sash-covered frames, and only 
seedlings 029942 and B-52 lived through 
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the winter. The other varieties, 
though given the same _ protection 
by hot bed, sash and straw, were killed 
by the low temperatures and from being 
covered for many days at a time. 

In subsequent tests for overwintering 
plants, it was found most desirable to 
make vine cuttings in August and put 
them in 10-inch pots, transferring these 
to the greenhouse as soon as there was 
danger of frost. 

The chief advantage of overwintering 
plants instead of growing new plants is 
that the overwintered plants can be 
brought into flower early in the season. 
The result is that the plant will remain 
in a reproductive state throughout the 
growing season. Therefore, the plants 
are subject to a wider range of environ- 
ment, which results in greater possibili- 
ties for seed production. 


Effect of Staking or Trellising on 
Subsequent Flowering 


The plants used in this experiment 
were carried over the winter in the green- 
house in 10-inch pots. Three named va- 
rieties and two seedlings were used in 
this test. (See Table II). The two seed- 
lings blossom very freely and were used 
for contrast. On April 1, ten plants of 
each variety were shifted to the field. 
Ten days later, every other plant of each 
variety was tied to a 7-foot stake and the 
other was allowed to remain on the 
ground, 

If the plant is to remain in place 
throughout the season for seed produc- 
tion, it is best to train the vines in a 
fan-shaped arrangement to a 7-foot wire 
trellis, made from a cheaper grade of 
poultry fencing. In this way, each vine 
is given plenty of space for light and air. 

As this table shows, the staked vines 


TABLE li.—Effect of Staking on Subsequent Flowering, Spring, 1938 


Staked Not staked 
Average Total Average Total 
Date of number flow- number Date of number flow- number 

Variety flowering ersperstem flowers | flowering ers per stern flowers 
__,, = May 15 2.86 429 May 31 1.76 60 
i == May 23 2.00 254 June 2 1.50 3 
Porto Rubio June 10 2.75 352 
Porto Blanco June 12 3.50 280 
Wennop _. May 14 3.10 332 
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flower 15 days earlier and more pro- 
fusely than those left on the ground. The 
ten staked vines from 029942 and B-52 
produced a total of 683 flowers, with an 
average of 2.43 flowers per stem, where- 
as the 10 vines left on the ground pro- 
duced only 63 flowers, with an average 
of 1.63 flowers per stem. Plants of the 
varieties Porto Rubio, Porto Blanco, and 
Wennop produced flowers only when 
staked. 

To determine the effect of staking 
alone upon the flowering of a given lot 
of seedlings, 1,040 plants were staked 
during the summer of 1938. Of these 
plants, 271 flowered. 


Girdling as a Means of Inducing 
Flowering 


In a previous test’? the writer report- 
ed that light girdling of the vines had 
no effect on flowering. Knowing, how- 
ever, that girdling should cause an ac- 
cumulation of food products in the vine, 
which should be conducive to flowering, 
a more severe type was used in this test. 
The vines were girdled by making a 
slanting incision across the stem, six 
inches from the ground, cutting the vines 
about two-thirds through. 

The plants used in this experiment 
were overwintered in pots in the green- 
house and shifted to the field on March 
21, where they were trained to the wire 
trellis. On May 1, half of the vines 
(usually five) from each of the varieties 
Porto Rico 1-1, Porto Rubio, Porto Ru- 


bio 2-1, Porto Blanco, Wennop, Mani 
8-18, Colreno 6-6, and U. S. seedlings 
B-52 and 029879 were girdled and the 
other half left as controls. Re-girdling 
was continued every ten days until flow- 
er buds began to appear. This is very 
necessary when weather conditions are 
favorable to excessive vegetative growth. 

The importance of girdling as a means 
of inducing flowering is shown in Table 
III. In every case, the girdled vines in 
this experiment flowered earlier than 
those not girdled. The girdled plants 
not only produced flowers earlier, but 
usually produced more than three times 
the number of flowers. About 30 to 45 
days elapsed between the time of first 
girdling until the first flower buds ap- 
peared. This time varied somewhat with 
varieties, as shown in Table III. Some 
varieties, such as seedling 029942, flower 
freely regardless of treatment, but gird- 
ling materially hastened the time of flow- 
ering, and increased the number of flow- 
ers per vine. It is evident from the data 
obtained that girdling has a significant 
effect upon flower production. 

To determine what effect girdling had 
upon some of the reserve food products 
of the plants, terminal vines, tweive 
inches in length, were cut for analysis 
from girdled and non-girdled vines of 
each of the above named varieties. All 
the girdled vines were blossoming at the 
time the samples were taken. The re- 
sults are presented in Table IV.* These 
data showed that the girdled plants had | 


TABLE III.—Girdling as a Means of Inducing Flowering, Spring, 1938 


Girdled—May 1 


Not girdled 


Date of Total number Date of Total number 
Variety flowering flowers flowering flowers 
Porto Rico 1-1 (x) June 15 312 July 11 120 
Porto Rubio June 2 243 July 7 167 
Porto Rubio 2-1 (x) May 30 203 June 15 71 
Porto Blanco . . June 13 251 July 17 78 
Wennop .. May 11 296 June 1 115 
Mani 8-18 June 2 378 July 14 80 
Colreno 6-6 : May 26 341 July 1 120 
B-52 May 15 275 July 3 76 
029879 June 5 318 Ture 23 137 


*Tables 4-7 have been issued by us through Auxiliary Publication, and may be obtained 


from the nonprofit Bibliofilm Service, care U. S. Department of Agriculture Library, Washing- 
ton, D. C., by ordering Document 1306, remitting 24 cents for copy in microfilm, readably 
enlarged full-size on reading machine or hand viewer, or 60 cents for copy in the form of paper 
photoprints readable without mechanical aid. 
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three per cent less moisture, 0.40 per cent 
more reducing sugars, and 0.45 per cent 
more starch than the vines that were not 
girdled. 


Some Factors Affecting Seed Setting 


The flowers resulting from plants of 
the nine varieties used in the girdling 
test and from other plants grown for seed 
production were used in the following 
studies: (1) optimum time of day in 
both spring and fall for making cross 
and self-pollinations (2) weather condi- 
tions most favorable for seed setting; 
(3) effect of cross- and self-pollination 
upon the percentage of seed set; and (4) 
thinning of flowers as a means of increas- 
ing the percentage of seed set. 

During spring and summer the flower 
buds were opened and emasculated in 
the late afternoon (from 5:30 to 7:00 
o'clock) ; while in the fall, when the tem- 
perature was cool and the days shorter, 
the emasculation was done early in the 
morning from 5 :00 to 6:30 o'clock. After 
emasculation, a paper clip was placed 
over the end of the corolla to keep the 
flower closed until the crosses or selfs 
were made. To prevent contamination, 
clips were placed over the ends of the 
flowers from which pollen was to be 
used. If emasculation is done in the 
morning, the anthers can be saved and 
placed in small containers and set in a 
warm greenhouse or laboratory. Within 
an hour the anthers will open and the 
pollen can be used. 

Emasculated flowers were worked in 
the morning at times ranging from 6:00 
A. M. to 11:00 A. M. to find the best 
period for making cross- and self-pollina- 
tions. 

About one-third of the flowers were 
tagged each day to determine the weather 
conditions most favorable for seed set- 
ting. 

The results of the studies to determine 
the optimum time of day for pollination 
are presented in Table V. The number 
of flowers in each treatment is probably 
too small to make final conclusions, yet 
the results show definite trends. Indi- 
cations are that for fall pollination the 
best time is from 8:00 to 10:00 A. M., 
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and for spring conditions, the optimum 
time is from 7:00 to 9:00 A. M. This 
difference in the optimum range of polli- 
nation between fall and spring may best 
be interpreted as a tentperature and light 
relationship at the time of pollination 
rather than the time of day. For during 
the peak flowering period in the spring, 
the days were longer and warmer than 
during the similar period in the fall. 
The selfed flowers seemed to set seed 
better when pollinated earlier in the pe- 
riod of the optimum range. When con- 
sidering the total number of seed set 
and percentage of seed set between the 
crosses and selfs, the results would in- 
dicate that the crosses gave a significant- 
ly better setting of seed than the selfs 
In Table VI are given data that show 
the effect of weather conditions upon 
seed setting in the fall and spring. The 
largest number of seed to set and the 
highest percentage of setting were ob- 
tained on clear, sunny days, with the 
mean temperature ranging from 65° to 
75° F. Under such ideal conditions, 
from 15 to 56 per cent of the flowers 
set seed. At temperatures ranging 
from 75 to 85 degrees, rain seemed to 
help seed setting, while on cloudy days, 
the percentage of set was usually low 
regardless of temperature. Poor fertili- 
zation at low temperature is probably 
due to the effect of temperature on the 
germination and growth of pollen. 


Varietal Difference in Flowering and 
Seeding 


A test was conducted to show the vari- 
ability in the flowering and seeding hab- 
its of varieties under fall and spring con- 
ditions. The varieties Porto Rubio and 
Porto Blanco and seedlings B-52, 291, 
and 029942 were used for studies in both 
spring and fall, Southern Queen, Creole, 
and Triumph were used for fall only, 
Wennop, Colreno 6-6, Mani 8-18, and 
Pan Con Vino 2-2 were used for spring 
only. Data were taken as to length of 
day at time of flowering, number of flow- 
ers per stem, total number of flowers, 
percentage of seed set when crossed, 
self and open-pollinated, and total per- 
centage of all seed set. The number of 
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varieties and the number of flowers used 
in these studies were limited. 

The results given in Table VII would 
indicate that the length of day plays an 
important role, more marked with some 
varieties than with others. When con- 
sidering the group of varieties as a whole, 
a larger number of flowers was produced 
in the fall, but a higher percentage of 
seed was set in the spring. Here again 
there were marked exceptions, such as 
the Porto Rubio and Creole. The num- 
ber of flowers to the stem varies greatly 
with the variety and season. 

The data presented on the percentage 
of seed set when crossed, selfed, and 
open-pollinated are also very interesting. 
Here again, there were marked varia- 
tions between individual varieties, and 
within the same varietv at different sea- 
sons. The Creole variety led the others 
in this test. with a total of 72.7 per 
cent of seed set. It again led in 1938, 
when the flower count was over 2,000. 
It is of interest also that while most of 
the varieties set a higher percentage of 
seed in the spring, there were others, 
that did not produce any seed in the 
spring although they set some seed under 
fall conditions. 

From these studies, the writer is led 
to believe that crosses and selfs can be 
made with most varieties provided the 
plants are growing under the proper 
environmental conditions and that com- 
plete sterility is the exception, rather 
than the rule. 


The Bouquet Method 


In the fall of 1937, vines ranging from 
one to four feet in length which con- 
tained seed, flowers, and buds were cut 
and brought to the greenhouse in order 
to protect some immature seed from 
cold weather. The cut ends of the vines 
were placed in jars filled with water, 
and roots developed within three to four 
days. It was noted that they not only 


continued to flower and produce seed, 
but that the percentage of seed was 
much higher than had been obtained re- 
cently with the same varieties in the 
field. 

On June 10, 1938, an experiment 
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was set up to test these observations 
further, since the set of seed is not as 
good during mid-summer as it is in the 
spring or early fall. Vines were cut 
about three feet long, containing a large 
number of flower buds, the first of which 
was about to open. They were carried 
to the lathe house and the cut end placed 
in a quart milk bottle filled with water. 
The vines in the bottles were placed 
about 16 by 25 inches apart and tied 
with twine to hold them in an upright 
position. They were then allowed to 
become well rooted before any treatment 
was given. 

In each treatment five vines were used 
from each of the varieties Wennop, Col- 
reno, Mani 8-18, and seedlings 291 and 
029942. The first treatment was a field 
check, and the vines were allowed to re- 
main attached to the mother plant. In 
the second treatment the vines were al- 
lowed to grow in tap water, and in the 
third treatment, one-fourth pound of 
garden soil was placed in the bottles and 
the remaining space filled with water. 
In treatment 4, a nutrient stock solution 
was made by dissolving in a liter of water 
14 pound of complete fertilizer (which 
analyzed 4 per cent aitrogen, 12 per cent 
phosphorus, and 4 per cent potash). Five 
cubic centimeters of this stock solution 
were added to each quart bottle. Treat- 
ment Nos. 5 and 6 consisted of acidifying 
the tap water in which the vines were to 
be grown. This was done to prevent fer- 
mentation. In all treatments, the solu- 
tions were changed every third day. 

These experiments were repeated 
again beginning July 22. The results 
were then averaged and are presented in 
Table VIII. 


TABLE VIII.—Bouquet Method as a Means of 
nducing Seed Setting 


No. No. Per- 
No.of set not centage 
No. and treatment flowers seed set seed set 
1. Field check 781 40 711 5.3 
2. Tap water _... 198 17 181 8.6 
3. Tap water and soil 217 20 197 9.2 
4. 4% N—12% P— 
4% K _... 184 49 135 266 
5. HxSO.—3 cc. per 
liter 190 39 151 20.5 
6. H2SOs-—4 cc. per 
liter 216 46 170) 21.3 


492 The Journal 


It is noted that vines growing in tap 
water alone and with tap water and soil 
set a higher percentage of seed than the 
field check; however, there was some 
loss of vines due to fermentation. The 
nutrient solution made from the com- 
plete fertilizer, which is also acid-form- 
ing, gave best results. The sulfuric acid 
and sulfurous acid treatments followed 
closely. 

This bouquet method has several dis- 
tinct advantages. During mid-summer 
when the temperature is high and rain- 
fall abundant, the plants become ex- 
tremely vegetative, resulting in a low 
percentage of seed setting. The vines in 
the nutrient solution in the lath house, 
where the temperature was lower and 
the humidity higher, had a more uniform 
environment, which is more conducive 
to seed production. In the late fall 
when the temperature becomes too cool, 
for seed setting, this method worked 
well in the greenhouse. 


Summary 


The object of this study was to ob- 
tain information on comparative meth- 
ods of inducing flower and seed produc- 


‘tion of the sweet potato. 


By overwintering the vines in pots in 
the greenhouse, shifting them to the field 
in early spring, training them to a wire 
trellis, and then girdling them, it has 
been possible to produce seed in satis- 
factory numbers by crosses and selfs 
from all of our standard varieties, such 
as Porto Rico, Nancy Hall, Triumph 
and many others. Some varieties set 
seed best in the spring, while others 
set seed best in the fall. On the other 
hand, there are varieties which show 
very little seasonal influence and bloom 
and set seed throughout the entire grow- 
ing season. From the writer’s experi- 
ence, it is doubtful if the problem of 
sterility is as serious as it has been gen- 
erally considered to be. It does seem, 
however, that there are optimum con- 
ditions under which most varieties will 
bloom and set seed freely. In growing 
a population of, say, 1,000 seedlings, 
it is usually very easy to find several 
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that bloom and set seed very freely. 
By selecting these free seeders and cross- 
ing them to selected varieties, large quan- 
tities of seed can be produced. It is 
believed that by handling the plants and 
seedlings as outlined, anyone in a sweet 
potato producing area in this country, { 
who wishes to conduct breeding work 
with sweet potatoes, can do so without 
difficulty. 
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A STUDY OF AMERICAN RHODES 
SCHOLARS 


FRANK L. APPERLY 
Medical College of Virginia, Richmond, Virginia 


some of the implications of birth 

control, I hazarded the opinion that 
an undue proportion of the world’s great 
men and benefactors were among the 
later children of large families, and that 
a widespread practice of birth control in 
earlier times might have meant a loss of 
these men to the world, with all its conse- 
quences. I had in mind Franklin, the 
Wesleys, and others. The world might 
have been a much less pleasant place to 
live in had birth control been more large- 
ly practiced in bygone ages. 

“Greatness” and “genius” are difficult 
terms to define. The great man is so 
largely the product of chance, opportu- 
nity, national crisis and force of will as 
well as mental ability, that it is impossi- 
ble to draw any definite conclusions con- 
cerning the antecedent factors likely to 
lead to greatness. This has been well 
shown in Dr. H. A. Moran’s Makers of 
America, an analysis of the significant 
factors in the ancestry and social inheri- 
tance of those 65 persons elected to the 
American Hall of Fame. We can, how- 
ever, measure mental ability with some 
accuracy, and endeavor to correlate it 
with possible antecedent factors, such as 
size of family, order of birth in family, 
etc. 

Opinions on these matters seem to 
vary. Dr. Ronald Fisher states that 
where there are many children, the 
younger ones tend to grow progressively 
less intelligent, in a ratio roughly cor- 
responding to their numerical place in 
the brood, an opinion supported by the 
results of an extensive study by Roberts, 
Norman and Griffith. Dr. Leta Holling- 
worth, whose psychological studies of 
gifted children are well known, is said 
also to believe that oldest children or 
only children tend to be the most bril- 
liant. On the other hand, Dr. Ellsworth 


S som years ago when discussing 


Huntington of Yale states that one can 
almost predict a college student’s suc- 
cess from the size of his family. He 
concludes that “other things being equal, 
the size of the families from which Yale 
students are derived is closely propor- 
tioned to the student’s degree of suc- 
cess.” 

Dr. J. McKean Cattell made an in- 
vestigation of 855 leading American sci- 
entists in the year 1906, and showed that 
an unduly large proportion of first sons 
had attained distinction, but that among 
later children the place in the family 
made very little difference. 

There are of course many theoretical 
factors which might favor the eldest chil- 
dren. Thus, their apparently leading 
position might simply mean that the 
younger children, at the time of the in- 
vestigation, had not yet attained the age 
of distinction. The average age at which 
scientific distinction is achieved is about 
38, and many of these men might have 
younger brothers who only later could 
achieve similar recognition. On the 
other hand, in America, where large 
families are apt to improve their eco- 
nomic position, the younger sons are 
more likely to be sent to college than 
the older. A further handicap which 
would be borne by eldest children is the 
well-known higher prevalence amongst 
them of certain physical defects. Thus, 
first births are commonly more difficult 
and prolonged than later births, with the 
result that the former suffer from a 
greater degree of partial asphyxia dur- 
ing the birth process, which is liable to 
damage brain tissue. First children have 
a lower birth weight than their younger 
sibs, and a higher still-birth and infan- 
tile mortality, a higher rate of certain 
forms of early mental deficiency and 
epilepsy, and (according to Karl Pear. 
son) more tuberculosis. 
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Although Dr. Cattell’s investigation 
was made over 30 years ago, it seems to 
be the most nearly complete answer to 
the problem, but the difficulties of inter- 
pretation already mentioned have not 
been overcome. Further, there is an 
element of chance, difficult to assess, in 
becoming a “leading scientist,” e.g. 
chances of appointment to posts suitable 
for, and giving the necessary time re- 
quired to make, those contributions to 
science which make a man a recognized 
leader. There is also the fact that the 
eccnomic factor has sometimes compelled 
a potentially first-rate scientist to enter 
business or practice a profession. These 
and many other things may make or 
unmake a man before he reaches the age 
of distinction. 

With these varying opinions and diffi- 
culties in mind, I sought for investiga- 
tion a group of men chosen purely on 
intellectual and personal qualifications, at 
an age early enough to overcome, partly 
at least, the element of chance in attain- 
ing outstanding distinction. The Ameri- 
can Rhodes Scholar group seemed best 
to answer my purposes. 

A questionnaire to all ex-Rhodes 
scholars now living in America, and the 
kindly help of Mr. C. K. Allen, Warden 
of Rhodes House, Oxford, regarding 
166 Rhodes scholars, American and 
British, then at Oxford, brought infor- 
mation from 930 men. In Table I the 
scholars have been grouped according to 
the size of the families of which they 
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were members, and to their own posi- 
tions in those families. In Table II fe- 
male children have been ignored and a 
similar analysis made of the males only. 

The outstanding results are as fol- 
lows: 

1. The great predominance of the eld- { 
est sons in the small families, a pre- 
dominance which however diminishes 
with increasing family size. This is in 
agreement with Cattell and other writers 
quoted. 

2. The especially predominant posi- 
tion of the “only” boy. According to an 
analysis of families up to the age of 21 
in the United States Census figures of 
1935, the only child comprises 14 per 
cent of the whole, of which we can as- 
sume that half, or 7 per cent, were males. 
Table II shows that 78, or 8.4 per cent of 
all Rhodes scholars were “only” children. 
In Table I however, the “only” son com- 
prises 175 individuals, or 27 per cent of 
the group. This would indicate that 
whereas the only child has some slight 
preponderance, the “only’”’ boy with one 
or more sisters outstandingly preponder- 
ates in those qualities which in the opin- 
ion of those who selected him as a 
Rhodes scholar, were most likely to make 
an unusually gifted and useful citizen. 

3. In the larger families the figures 
appear to be more evenly distributed, 
with, however, in so far as the small 
numbers are reliable, a tendency for the 
scholars to appear at the end, especially 
in those families of ten or more children. 
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2; 2 according to the size of family from which they sprang and 
their order of birth, 
63 56 
TABLE II, (right) Analysis of 650 american Rhodes Scholars according 
» *;,e% &@ 0 28 to number of aales in the family and their ow order of 
the f-droth twins, and brothe: in 
6 15 7 6 10 
§ 7) 4 3 «4 2 3 4 1 | 175 
8 3 2 1 3 1 i 2, 7 
3 
9 i 2 2 i 1 65 49 
j 2 2 3 2 1 
1 1 i : 5 6 6 
4 
12, 1 fe 2 
- 
us 1 2 2 1 2 
4 1 8 
1s 1 9 2 1 1 
1 2 3 4 5 6 7 8 9 10 n 2 sa. iis a 2 3 4 5 6 7 8 9 


Order of birth of each individual in his family 


Order cf Birth of the individual amongst 
the males in hie family. 


| 
| 
if 
| 
| 
= 
te 
¥ 
4 
i] 
‘ 


Apperly: Rhodes Scholars 


We can do little more than speculate 
on the reasons for the distribution of 
Rhodes scholars shown. Dr. Cattell ar- 
gued that the predominance of the eldest 
among leading scientists might be due to 
their younger brothers’ not yet having 
attained the age of distinction. This 
would be true only for the younger scien- 
tists. In the Rhodes group, however, the 
brothers of only 13 scholars since 1904 
have also been elected to Rhodes scholar- 
ships, far too few a number to affect the 
general rule. Although in the large fami- 
lies the figures are too small to be re- 
liable, the greater success of the younger 
children would suggest an economic 
cause, that the older and more grown-up 
members of the family and their improv- 
ing financial position have combined to 
give the younger members a college edu- 
cation perhaps denied to their elders. 
These considerations, however, would 
not seem to apply to the outstanding 
leadership of the eldest children in the 
small families. The fact that the “only” 
boy with sisters is so far ahead of any 
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other boy with a corresponding number 
of brothers, or brothers and _ sisters, 
would appear to indicate the operation 
of some home influence rather than an 
economic or biologic factor. Does this 
mean that the “only” boy in a family of 
girls is less distracted from his studies 
than he would be by brothers? Does he 
have more personal freedom? Does he 
have to face and solve his problems alone 
and thereby gain personality and ability ? 
Is he given more chances for education 
than he would have if these had to be 
shared with other brothers? These and 
many other factors suggest themselves. 
But whatever the answer to these ques- 
tions may be, it would seem fairly clear, 
in so far as we can judge from the facts 
presented, that the eldest child in small 
families is more likely to have the full- 
est development of his powers of intellect, 
leadership and social ability, and there- 
fore be of greater value to the commu- 
nity. 

My findings seem to prove exactly the 
opposite of what I hoped to demonstrate 
when I undertook the study! 


+ 


Life Cycle of Neurospora 


(Continued from page 474) 


cultures, one can often obtain unisexual races. 
These unisexual races can be mated or crossed 
with other races just as though the species 
were heterothaliic. Ascospores are not sexual 
spores, though they are generally so called. 
They are exactly comparable to pollen grains, 
since both ascospores and pollen grains are 
the progeny from the reduction divisions of 
diploid mother cells. 

Genetically, ascospores are exactly like the 
conidia and microspores produced on the my- 
celium derived from the ascospores. Two uni- 
sexual races of N. tetrasperma can be mated 
in four or five different ways, the essential 
thing being to get together in the same asco- 
gonial cell two nuclei of opposite sex. These 
nuclei do not fuse immediately, but divide, 
supposedly more or less conjugately, although 
that has not been proved. In anv event, after 


a few divisions with the production of very 
short ascogenous hyphae, the young ascus, in- 


cluding two of these nuclei of opposite sex, is 
formed. The ascus fusion nucleus then under- 
goes reduction with an extra division for good 
measure so that there are eight haploid nuclei 
in the ascus. 

Now, for tetrasperma two of these nuclei of 
opposite sex are included in each of the four 
spores. If five spores should be formed acci- 
dentally, then two of them will be unisexual 
because they contain only one nucleus each. 
Mvycelia from these small snores can then be 
grown as unisexual races which can be used 
for breeding purposes. The monilioid conidia 
are beautifully orange-colored, while the mi- 
croconidia or spermatia are usually colorless. 
The so-called spermatia are no more “male” 
than are the monilioid conidia. There are two 
kinds of spermatia as to their sex reactions, 
just as there are two kinds of conidia. For a 
more extended discussion see Science 90:379- 
385. 1939. 
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COINCIDENT INHERITANCE OF STRABIS- 
MUS AND NYSTAGMUS 


LuTHER S. WEsT 
Northern State Teachers College, Marquette, Michigan 


HE heritable nature of strabismus 

(a deviation of one or both eyes 

from the normal axis) was prob- 
ably first suggested by Hippocrates,’ who 
distinguished paralytic from concomitant 
types, and observed that “a parent with 
a cross-eye often had a cross-eyed child.” 
Bauer, Fischer and Lenz? state: “It is 
probable that heredity is the exclusive 
explanation of the anomaly.” Other au- 
thors treat of the hereditary nature of 
strabismus, the examples being about 
equally divided between dominant and 
recessive types. Sedgwick’s observa- 
tion'* to the effect that strabismus oc- 
curs largely in males, would imply a sex- 
linked relation, but the majority of sub- 
sequent writers fail to substantiate his 
view. 

Throughout genetic literature, we also 
find frequent mention of the coincident 
occurrence of two or more types of op- 
tical or nervous defect in the same ped- 
igree ; frequently in the same individual. 
Thus Bauer reports strabismus asso- 
ciated with hyperopia and cites both 
dominant and recessive examples. Col- 
lins and Mayou* mention congenital nys- 
tagmus as associated with congenital day 
blindness, color blindness, amblyopia, 
albinism, and nodding of the head (in 
infants) under various circumstances. 
Davenport? mentions strabismus asso- 
ciated with myopia as a hereditary trait. 
Donders,” while opposed to a hereditary 
interpretation of the condition, found 
positive and frequent association of 
strabismus and hyperopia. Gates records 
recessive, sex-linked strabismus asso- 
ciated with night-blindness. Holm’® 
gives both dominant and sex-linked ex- 
amples of hereditary nystagmus. In a 
pedigree discussed by Nicoll? twenty- 
one persons in six generations are shown 


with hereditary nystagmus together with 
twitching of the head. Oswald'™ dis- 
cusses a pedigree in which males only 
are affected with a combination of stra- 
bismus and myopia. In Professor Sny- 
der’s work’ nystagmus is referred to as 
a cause of partial blindness, and men- 
tion is made of the frequent association 
of various movements of the head with 
the dominant form of inherited rolling 
of the eve. Steggerda'’® records both 
lateral and vertical nystagmus as exist- 
ing together in the same individual, due 
presumably to the operation of a single 
mendelian gene. In Swanzy’s Hand- 
book!? nystagmus is mentioned as fre- 
quently associated with albinism, also 
as indicative of congenital cataract, de- 
stined to produce total or partial blind- 
ness in later years. ( 

Englehard,® Nettleship,"' and Guver,® 
emphasize the recessive, sex-linked mode 
of transmission of nystagmus, whereas 
Gates,’ Nicoll,'? and Steggerda’® record 
cases of dominant heredity. Davenport* 
(quoting Clarke) mentions pedigrees in 
which heterozygous females do not man- 
ifest nystagmus, although males of sim- 
ilar heritage do so, indicating definite 
sex linkage. Snyder’ discriminates be- 
tween the sex-linked recessive form, 
which he states is usually uncomplicated, 
and a dominant type usually associated 
with abnormal movements of the head. 
Waardenburg"* observed nystagmus to 
be associated with myopia, aplasia, and 
other defects. His paper also includes a 
bibliography of eye defects complete up 
to 1932. 

Peculiarly lacking, however, is posi- 
tive record of coincident strabismus and 
nystagmus, an association which, because 
of the relatively common occurrence of 
the former condition, might reasonably 


*The author desires to express his appreciation to Mr. Garth Jarvis, Sanitary Staff, City 
of Battle Creek, for valuable assistance in the preparation of this report. 
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FOUR PEDIGREES OF EYE DEFECT 
Figure 12 


The recessive inheritance of strabismus is 
demonstrated in Pedigree 4. The two af- 
fected individuals each have the divergent 
type, affecting the left eye alone. The degree 
of divergence is reported as more pronounced 
under conditions of fatigue. 

Pedigree B also seems to show a recessive 
factor for strabismus. III-1 has internal stra- 
bismus of the alternating type, so that he has 
practical use of but one eye at a time. III-8 
cannot see at all out of one eye, which is per- 
manently cocked inward. Both are young 
men, in their early twenties. II-2 is older, 
and has a marked internal strabismus most 
noticeable when she is fatigued. 

Pedigree C has two distinct forms of 
strabismus, convergent and vertical, each of 
which seems to be inherited as a dominant. 
According to our records the normal members 
of this pedigree experienced the same _ back- 
ground of children’s diseases as the affected 
individuals. II-9 and 11 have other eye de- 
fects in addition to strabismus. III-8 has verti- 
cal strabismus without refraction; her right 
eye reads the first line of a page of print, 
while her left eye reads the second. 

Both strabismus and nystagmus are evident 
in Pedigree D. The defects seem to follow a 
recessive manner of inheritance, affecting only 
the males of every second generation. I-1, the 


first affected individual in the pedigree, is now 
66 years old and has nystagmus complicated 
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be anticipated more frequently than cer- 
tain of the combinations indicated above. 
The discovery of a family group in which 
the association is very pronounced ap- 
pears therefore to justify a brief discus- 
sion, in order that the observation may 
not go unrecorded. 


Pedigrees Showing Inheritance of 
Strabismus and Nystagmus 


Stabismus may take various forms, 
designated respectively as alternating 
(bilateral), concomitant, convergent, di- 


vergent, intermittent, paralytic, and 
spastic. In contrast to preceding types, 


the latter two forms are due specifically 
to muscular abnormalities. 

In the four pedigrees investigated by 
the author, strabismus is shown to be 
inherited in several ways. In pedigrees 
A and B the hereditary factor is surely 
recessive. In pedigree C, however, the 
evidence points more toward complete 
or partial dominance. In pedigree D 
defective optical conditions appear in 
males only and seem to skip the middle 
generation. A clear majority of the af- 
fected individuals display both strabis- 
mus and nystagmus (a continuous roll- 
ing movement of the eyeball). Two, how- 
ever, display nystagmus only. 


Conclusions 


Strabismus and nystagmus both show 
variation in the manner of inheritance. 
The literature and the pedigrees here 
presented show that either may be dom- 
inant, recessive, or sex-linked recessive 
This would indicate that one of several 
factors may cause these eye defects. 

In pedigree D here discussed, the 
question arises as to whether the nystag- 
mus and strabismus are traceable to 
separate genes or whether a single ge- 
netic factor may perhaps be responsible 
for the appearance of the defects. If the 
latter should prove to be true, we have a 
possible example of “progressive hered- 
ity” as set forth by Goldschmidt* and 


with presbyopia. Four of his grandchildren 
have both strabismus and nystagmus, one has 
only nystagmus. III-2 has strabismus, nys- 
tagmus, ambylopia, and myopia and appears 
to be going progressively blind. 
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others. Goldschmidt, however, regards 
progressive heredity as due always to 
the cumulative effect of dominant genes. 
The present case, since it mav involve at 
least one sex-linked recessive, appears 
therefore to present an unsolved problem 
in human genetics. 
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GENETICS OF DYSDERCUS 
II. Behaviour of a Yellow Striped Form of Dysdercus Mendesi Bloete* 


URING my investigations on color 

variations in this species I found 

a new and interesting color variant 
among its nymphs. 

The general color of the abdomen of 
the normal type nymphs is red. In the 
new form, found during the breeding ex- 
periments, the first three abdominal seg- 
ments are yellow-ochraceous. 

In the first and second instars it is 
difficult to separate the normals from the 
new variant, but in the third and fourth 
instars the differences are very conspicu- 
ous; during the fifth stadium this con- 
spicuous difference is lost because the 
other abdominal segments become yel- 
lowish, instead of red as in the typical 
form, or instead of red with yellow 
bands, as in the third and fourth instars 
of the new form. In the adults it is gen- 
erally not possible to separate the variant 
from the normal form. 

My breeding experiments have shown 
that the normal form is completely domi- 
nant over the yellow striped form. The 
data obtained from several crosses gave 
the following results (abstracted) : 

1. Normal Yellow Striped—-Al' Normal 
(Heterozygous). 
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140-142. 1938. 
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11. Netrcesuip, E. Trans. Ophthal. Soc. 


19 :57-198. 1909. 
12. Nicott, W. Ophthalmoscope. London. 

1915. 
13. Oswatp, A. B. Brit. Med. Jour. 18: 

1911 


14. Sencwicx, W. Brit. and Foreign Med. 
Chirurg. Rev. 27 :477-498; 28:198-214. 1861. 

15. Snyper, L. H. The Principles of 
Hereditary. New York. 1935. 
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2. Normal (Heterozygous) X Normal 
(Heterozygous) 311 Normal:117 Yellow 
— instead of the theoretical result 321: 

3. Normal (Heterozygous) X Yellow 
Striped —247 Normal (Heterozygous) :205 
Yellow Striped, instead of the theoretical result 
226 :22A. 

4. Vellow Striped X Yellow Striped—100% 
Yellow Striped, as expected. 

From these daia I conclude that the 
Yellow Striped form is a simple reces- 
sive to the normal form of Dysdercus 
mendesi Bloete. I propose the symbols 
V—+v for the pair of factors studied (V’: 
from “vermelho” or red). 

This is the second pair of recessive 
factors found in DP). mendesi Bloete. The 
author reported the other, which deter- 
mines the appearance of a melanic form 
in the nvmphs and adults, in 1938 (Jour- 
nal of Heredity 29 :387-389). 

The author is indebted to Mr. C. A. 
Krug (Dept. of Genetics) and to Mr. 

A. J. T. Mendes (Dept. of Genetics) for 
the valuable criticism offered during this 
investigation 


Luiz O. T. MENDES 
Secao de Entomologia—Inst. Agr. 
Campinas, S. P., Brazil 


*Published with the approval of the Director, Superintendent of the Institute Agronomico. 
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COLCHICINE INDUCED TETRAPLOIDY IN 
PERENNIAL RYEGRASS 


Lolium Perenne L. 


W. M. Myers* 
U. S. Regional Pasture Research Laboratory, State College, Pa. 


INCE the reports by Blakeslee and 
Avery!? and of Nebel and Ruttle® 
of the effectiveness of colchicine as 

an agent for inducing = omosome dup- 
lication in plants, several investigations 
of the effects of colchicine on mitosis and 
meiosis and of its value in causing chro- 
mosome doubling have been reported. 
These include publications by Nebel,* 
Kostoff,*»® Levan,’ E/igsti,* Wal- 
and Dermen.* 

The writer is not aware of any pub- 
lished reports of colchicine induced poly- 
ploids in species of the Gramineae.t Per- 
sonal correspondence with different 
workers has indicated that, in general, 
the results of treatment of grasses with 
colchicine have been disappointing. 

Although polyploidy is of common oc- 
currence in most genera of the Grami- 
neae, all species of Lolium which have 
been investigated are diploid (2n=—14). 
For this reason and because of the value 
of Lolium perenne (Perennial ryegrass) 
as a forage species, it was selected for 
the investigations reported in this paper. 


Methods of Treating Seeds 


Dry seeds were placed in Petri dishes 
on blotting paper moistened with 0.1, 
0.2, or 0.4 per cent aqueous solutions of 
colchicine. Sufficient solution was used 
to provide moisture conditions that 
seemed optimum for germination. For 
this purpose about 5.5 cc. of the solu- 
tion were used for each Petri dish. 


Treatment was continued for 6, 24, and 
96 hours for each concentration of col- 
chicine, after which the seeds were 
transferred to blotting paper moistened 
with tap water. For control, seeds were 
germinated in Petri dishes on blotters 
wet with tap water. Three Petri dishes, 
each containing 20 seeds, were used in 
each of the ten treatments and all dishes 
were kept at room temperature. When 
the seedlings were sufficiently developed, 
20 were taken at random from each 
treatment and transplanted to soil, after 
which all remaining seedlings which ap- 
peared to be abnormal were planted. 

In addition to treatment of germinat- 
ing seeds, a few plants were treated by 
injection with the colchicine solution. 
After the plants had produced several 
tille a hypodermic needle was inserted 
through the outer leaf sheath near the 
base of a tiller and the colchicine solu- 
tion was forced in until drops appeared 
at the top of the inner leaf roll. 

Two methods were used for determin- 
ing the incidence of tetraploid sectors. 
Pollen grain size was determined for 
several spikes on each plant that flow- 
ered by dusting the pollen on a dry slide 
and examining it microscopically, using 
a 16 mm. objective and 15x compen- 
sating oculars. Later, four tillers were 
taken from each plant and potted sepa- 
rately. Two root tips from each clone 
thus obtained were fixed in the follow- 
ing modification of Navashin’s fluid: 


*A contribution from the U. S. Regional Pasture Research Laboratory, Division of Forage 
Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, in cooperation 


with the Northeastern States. 


+The production by colchicine treatment of tetraploid sectors in seven Sudan grass plants 


was reported by Dr. L. F. Randolph in the symposium on colchicine as an agent for inducing 
polyploidy at the American Society of Agronomy meetings, Washington, D. C., 1938. Also a 
paper in this JournaL (February, 1939) by Dr. E. R. Sears, reported successful colchicine 
treatment of species of Triticinae. 
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10% Chromic 7 cc. Formalin 30 ce. 

Glacial Acetic Distilled water 60 cc. 
Acid 15ec. 95% Ethyl 

Distilled water 78 cc. Alcohol 10 ce. 


Equal parts of A and B were used. 


This fixative was originally selected 
from 64 modifications of Navashin’s as 
giving the most satisfactory results with 
orchard gr. s rou: tips. Equally good 
results were Jbtained in Lolium perenne 
root tips by using this solution. 

The two root tips from each of three 
plants were mounted on 7 x 12 mm. 
cards.* Dehydration and _ infiltration 
with paraffin were accomplished by the 
n-butyl alcohol series described by Ran- 
dolph.'° Serial sections were cut 12 p» 
thick and the sections were bleached 
with potassium permanganate and oxalic 
acid solutions prior to staining by a 
modified chromic acid—crystal violet— 
iodine schedule. 

Open-pollinated seed was harvested 
from each of the plants that flowered. 
The seed from opposite sides of each 
spike was kept separate to allow the 
identification of chimeras of diploid and 
tetraploid tissue if any occurred. Seeds 
from 14 plants which showed giant pol- 
len grains and tetraploid root tips were 
planted. 


Effect of Colchicine on Seed 
Germination 


The seed treatment with colchicine de- 
layed germination, reduced the total 
number of seedlings obtained, and caused 
the production of abnormal seedlings. At 
first, the appearance of a root tip was 
used as the criterion for counting the 
number of seeds which had germinated. 
Later it was found that this was not an 
entirely satisfactory measure, since in a 
few cases seedlings with well developed 
coleoptiles and plumules were entirely de- 
void of a primary root. Nevertheless, the 
data for the different treatments were 
comparable. The number of root tips 
visible at 48, 60, 72, and 84 hours after 
the start of the experiments are given in 
Table I. Treatment for six hours, either 
with 0.1 per cent or 0.2 per cent solu- 
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tions of colchicine, caused relatively lit- 
tle delay in germination as compared 
with tap water. Increased concentrations 
of colchicine and longer durations of 
treatment caused greater delay in ger- 
mination. 

Tvpes of seedlings resulting from col- : 
chicine treatment are shown in Figure 
13. The primary root was either absent 
as in Figure 13 4 and B, very short and 
swollen as in Figure 13 C and D, or 
normally developed as in Figure 13 E. 
Figure 13 A-D, also shows a range in 
abnormality of the coleoptile and plu- 
mule. The swollen, bulbous condition of 
the seedlings shown in Figure 13 A and 
B was particularly characteristic of those 
obtained from the 96-hour treatment. A 
small percentage of such seedlings de- 
veloped into plants ; the remainder failed 
to develop further. Table I shows the 
number of normal and abnormal and the 
total number of seedlings obtained from 
each treatment. Total germination was 
markedly reduced by the 96-hour treat- 
ment and the proportion of abnormal 
seedlings was greater with the higher r 
concentrations of colchicine and with the 
longer treatments. 


Frequency of Chromosome 
Duplication 


The total number of plants from which 
root tips were examined and the number 
showing tetraploid sectors are given in 
Table II. The data tiave been recorded 
separately for the plants from seedlings 
taken at random and those from seed- 
lings selected as being abnormal. The 
0.1 per cent solution was relatively in- 
effective in causing chromosome dupli- 
cation, with only two plants out of 43 
showing tetraploid sectors. Likewise, 
only two plants out of 66 from the 6- 
hour treatments had tetraploid tissue. 
The 96-hour treatment was character- 
ized by the small number of plants ob- ‘ 
tained. The fact that more plants sur- 
vived in the 96-hour treatment with 0.4 
per cent solution than with either 0.1 or 
0.2 per cent may have been due to chance 
since the different concentrations seemed 


*This method of placing root tips on cards 
in an Advanced Cytology class outline written 


and the modified staining schedule are described 
by Dr. L. F. Randolph. 
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EFFECT OF COLCHICINE ON GERMINATING SEEDS 
Figure 13 
Photograph of seedlings of Lolium perenne L. showing range in abnormality resulting from 
treatment of germinating seeds with solutions of colchicine. A and B show bulbous appearing 
seedlings. C and )) show degrees of shortening and thickening of coleoptile and plumule and 
primary root. E shows a normal appearing seedling. (2X.) 


to have relatively less effect than the 
duration of treatment. Treatments with 
0.2 and 0.4 per cent solutions for 24 
hours were the most satisfactory, when 
both plant survival and percentage of 
induced tetraploids are considered. These 
treatments produced 12 out of 29 plants 
and 11 out of 28 plants, respectively, 
with 4n tissue. 


Relation of Tetraploidy to Abnor- 
mality of Seedlings and Plan’s 


Previous workers have reported the 
occurrence of abnormal growth types as 
a result of treatment with colchicine and 
have found that these abnormalities were 
related to the presence of tissue with 
doubled chromosome number. In Lolium 


perenne abnormal seedling types were 
obtained as described above. In the ma- 
ture plants the only deviations from nor- 
mal which were observed were that some 
plants had a reduced number of tillers 
and semi-erect type of growth. 

As is shown in Table II, there was a 
slightly, although perhaps not signifi- 
cantly, higher proportion of at least par- 
tially tetraploid plants among those re- 
sulting from selected seedlings as com- 
pared with those from seedlings taken 
at random. More critical tests of the 
relation of abnormality of seedlings and 
mature plants to tetraploidy are given 
in Table III. Two plants which showed 
tetraploid tissue came from seedlings 
with apparently normal roots, while 33 
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were from seedlings with abnormal 
roots. In 52 additional plants from seed- 
lings with abnormal roots, no tetraploid 
sectors were found. A similar situation 
occurred in regard to the appearance of 
the coleoptile and plumule. In this case 
only one of the 35 plants with tetraploid 
tissue came from a seedling with normal 
top growth. 

Six of the mature plants with tetra- 
ploid tissue were classed as normal, 
whereas the remaining 29 were abnormal 
in having a reduced number of tillers 
and semi-erect type of growth. The 
other 24 plants that appeared abnormal 
were found to be completely diploid. 
From these results it can be concluded 
that chromosome doubling is usually ac- 
companied by abnormal growth type in 
this material. On the other hand, ab- 
normality of seedling or mature plant 
growth does not necessarily indicate the 
presence of 4 tissue in Lolium perenne. 
The factors causing abnormal growth in 
the non-polyploid plants are not known. 


Proportion of Tetraploid Tissue 


The proportion of 4” and 2n tissue in 
those plants in which chromosome dup- 
lication has been induced can be deter- 
mined approximately from the number 
of sectors with 4n root tips. 

Table IV records that nine completely 
tetraploid plants were produced. In four 
of the eight plants classified as having 
three tetraploid sectors, the fourth isola- 
tion from each was a chimera of 2n and 
4n tissue. The three plants not included 
in Table IV each produced, in addition 
to three completely diploid isolations, one 
sector which was a 2n-4n chimera. Ap- 
parently, chromosome doubling was in- 
duced in different proportions of the cells 
of the apical meristem in different seeds, 
resulting in some plants which were 
completely tetraploid and in others with 
varying mixtures of 2n and 4n cells. 
Also, in this material, it appeared that 
the diploid and tetraploid tissues grew 
harmoniously together so that neither 
type of cells was excluded by the other. 

The analysis of root tips produced 
on clonal isolations has shown that 4n 
somatic tissue was produced in Lolium 
perenne by treatment with colchicine. 
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NORMAL AND POLYPLOID POLLEN 
GRAINS 


Figure 14 
Pollen grain of A, diploid, and B, tetraploid 
plants of Lolium perenne L. As in several 
other colchicine studies, pollen size appears to 
vary directly with the number of chromosome 
sets. (100X.) 


The production of a sexually reproduc- 
ing tetraploid race can be effected only 
it the 4 tissue develops into flowering 
stalks. Many investigators have re- 
ported a positive correlation between pol- 
len grain size and increased chromosome 
number. Thus, the occurrence of giant 
pollen grains would indicate that 4n re- 
productive tissue had been produced. 
Pollen grain size was determined for 
one or more spikes on 80 different 
plants, prior to the root tip analyses. 
Large pollen grains were recorded for 
at least one spike on each of 17 plants. 
Figure 14 shows the comparative size of 
normal and giant pollen grains. Table 
V gives the relation of occurrence of 
giant pollen grains to tetraploidy of root 
tips. With the exception of four plants, 
which may represent errors of classifica- 
tion, the agreement was complete. Even 
though tetraploid root tips do not prove 
that the giant pollen grains also carry 
an extra set of chromosomes, there is an 
excellent likelihood that they do. 


Production of Tetraploid Progenies 


Since the ultimate aim of the colchi- 
cine treatment was the production of a 
tetraploid race of Lolium perenne, seed 
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progenies were established from several 
plants which showed giant pollen grains 
and 4 n root tips. The cytological analy- 
sis of these progenies has not been com- 
pleted, but preliminary examinations 
have shown that some tetraploid off- 
spring were obtained. 

Cytological examinations have been 
made so far of only three plants from 
the injection treatment. One of these 
showed a tetraploid sector. More ex- 
tensive trials of this method are now be- 
ing carried out. If injection does prove 
successful as a method for applying 
colchicine in the grasses, it might prove 
useful instead of seed treatment, particu- 
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umber of noreel and 1 seedlings and totel nuster of seed- 
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TABLE III. ReTetion of incidence of tetraploid sections to ebnores! eppeer- 
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Linge, ene 
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TABLE V. of occurrence of gient grains to tetreploid 
tipe on plente of Loliue perenne 
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Wunder of Burder of plante proéuc Total 
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larly in producing amphidiploids from 
species hybrids. Frequently only a few 
seeds are obtained in interspecific cross- 
es. In such cases seed treatment, which 
results in some mortality of seeds and 
seedlings, has obvious disadvantages. On 
the other hand, the injection treatment 
could be used on the hybrids without 
danger of killing them and could be re- 
peated until polyploid sectors were pro- 
duced. 
Summary 

1. Seeds of Lolium perenne L. were 
germinated for 6, 24, and 96 hours in 
Petri dishes on blotting paper moistened 
with 0.1, 0.2, and 0.4 per cent aqueous 
solutions of colchicine. 

2. Treatments for 24 hours with the 
0.2 and 0.4 per cent solutions of colchi- 
cine were the most satisfactory from 
the standpoint of seedling survival and 
incidence of induced tetraploidy. These 
treatments resulted in 12 out of 29 plants 
and 11 out of 28 plants, respectively. 
with 4n tissue. Some plants were ob- 
tained which were completely tetraploid, 
whereas in others sectors of 2n and 4n 
tissue occurred. 

3. Abnormalities of the seedlings and 
of the mature plants usually accompanied 
chromosome doubling, but they were not 
reliable criteria of tetraploidy, since 
many abnormal seedlings and plants did 
not have 4n roots or flowers. 

4. The plants that produced tetra- 
ploid root tips also produced giant pol- 
len grains, indicating that 4” reproduc- 
tive tissue had been produced. 

5. Tetraploid progenies were ob- 
tained from seed produced on plants 
having 4 root tips and giant pollen 
grains. 

6. Hypodermic injection of colchicine 
solution into tillers of young plants was 
effective in producing a 4n sector in one 
of three treated plants. 
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AN APPLICATION OF PENROSE’S METHOD FOR THE 
DETECTION OF GENETIC LINKAGE IN GRADED 
HUMAN CHARACTERS 


ENROSE* has suggested the fol- 
lowing function to measure genetic 
linkage in graded human characters for 
data derived from pairs of brothers and 
sisters where the genotypes of the par- 
ents are unspecified : 
n=[(D,)? (Dy)? ] 
= — 
=(D,)? =(Dy)? 
where D,=(gi—ge). ete.. and D,y= 
(hi—hz), ete., and where g; and /y, are 
measurements in one sib and ge and |g 
are the corresponding measurements in 
another sib. In the present application, 
g refers to sex and hi refers to test score. 

When the characters are independent, 
Pxn—O0. If linkage between them is com- 
plete 

The present note presents the results 
of the application of this method to data 
on 23 sibships for four psychological 
functions. There were 2 sibships of 2, 
15 sibships of 3, 3 sibships of + and 3 
sibships of 5, with one or more in each 
sibship mentally defective. The follow- 
ing tests were used: The Binet (1938 
revision) vocabulary, the Kent-Oral- 
Emergency, the Kohs Design Blocks, 
and the Knox cube test. For the pur- 
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poses of this note we are not including 
data for the Kohs Blocks test since the 
test was found to be too difficult for our 
population and as a result we obtained ( 
a negative value for qm, in large measure 
due to very large differences that re- 
sulted particularly where one of the sibs 
obtained a zero score. The values for 
the other three tests are the following: 
Degree of linkage between sex and the 
Vocabulary test @=.02 
Degree of linkage between sex and the 
K-O-E test g=.08 S.E.=.2 
Degree of linkage between sex and the 
Cube test g=.23 
These data are obviously far too in- 
adequate to warrant any positive conclu- 
sions. They may be of interest, how- 
ever, in throwing some light upon the 
validity of recent statements in the litera- 
ture to the effect that (test) intelligence 
is partially sex-linked, a hypothesis that 
cannot be excluded since test achieve- 
ment is supposedly genetically multi- 4 
factorial and thus one would suspect a 
priori that a number of the genes would 
be located on the sex chromosomes. 
Stpney L. HAcperin, 


Columbus, Ohio 


*Penrose, L. S. Annals of Eugenics, Vol. VII, Part III, 1938. 
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OBJECTIVITY OF REPORT IN FAMILY 
STUDIES OF HEREDITY 
A Preliminary Analysis* 


BarBara S. BurRKs 
Carnegie Institution of Washington 


S compared with studies involving 
experimental laboratory work, or 
the collection of data in the field, 

questionnaire studies are able to cover 
an enormously wider scope for given 
time and resources. While there are cer- 
tain types of study which admittedly are 
unsuitable for a questionnaire technique, 
there are some areas of investigation in 
which data of demonstrable dependabil- 
ity can be obtained through this means. 
Frequently it is possible to use question- 
naires for path-finding studies even when 
the data so obtained lack the precision 
necessary for conclusive results. More- 
over, if the liability to error of question- 
naire material can be accurately assessed, 
it is often possible to make appropriate 
allowances when applying _ statistical 
treatment, so that conclusions emerge 
having the same order of validity as 
those based upon data collected by labo- 
ratory methods. Indeed, sound scientific 
work in any discipline demands a knowl- 
edge of liability to error no matter 
what method of data collection is em- 
ployed. Were not some of the simplest 
aspects of the “exact science’’ of astron- 
omy highly vulnerable to human error 
until the discovery of and allowance for 
the “personal equation,” i.e., the indi- 
vidual differences in reaction time of ob- 
servers recording the transit of a star? 
The writer has been fortunate in hav- 
ing access to the archives of the Eugenics 
Record Office, containing approximately 


17,000 family schedules filled 
interested individuals. 

In using these data for studies of chro- 
mosomal linkage through the methods 
developed by Bernstein, Wiener, Burks, 
Hogben, Fisher, Haldane, and Penrose, 
the present investigator has made a pre- 
liminary approach to the problem of 
data-reliability in several ways. The goal 
has been to ascertain which traits of the 
family schedules are most objectively re- 
ported, and hence most usable for studies 
of linkage and other Mendelian phe- 
nomena, and also to determine the ap- 
proximate range of error to be expected 
and allowed for in work involving the 
various traits. The present paper sum- 
marizes findings upon the five traits (out 
of a much larger number) for which the 
most control data could be obtained. 
These traits, all of which have wide po- 
tential usefulness in studies of inheri- 
tance in man are: hair color, eye color, 
complexion (or skin color), height, and 
weight. 


out by 


Method 


The traits were subjected to three 
kinds of investigation designed to as- 
sess their availability for use in current 
studies. 

1. From the family studies assem- 
bled upon “Individual Analysis Cards”+ 
were tabulated the recorded data for all 
sets of siblings (provided the members 
of any one set mad b been rated by a } single 


*The writer wishes to acknowledge the kind assistance of Professor Gardner Murphy in 


securing the cooperation of his psychology students for this study ; 


of Mrs. Julia McCamy and 


Dr. Philip Eisenberg in providing data upon Bennington and Barnard students respectively ; of 


Dr. H. H. Laughlin and Dr. C. B. Davenport in counseling with the writer and in making avail- 
able the resources of the Eugenics Record Office. 

+Of the two chief schedules, “Record of Family Traits,” and “Individual Analysis Card,” 
used at the Eugenics Record Office for family trait studies, the latter schedule provides for the 
more intensive investigation. 
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individual). The sets of siblings were 
classified for correlation purposes* ac- 
cording as the schedules were filled out 
(4) for members of the respondent’s 
own sibship (including self); (B) sib- 
ships of own generation, other than own 
sibship; (C) sibships of children’s gen- 
eration (not own children), and parents’ 
siblings (excluding parents). While it 
might be expected that reports would be 
most valid, and sibling correlations there- 
fore higher, for the respondents’ closest 
relatives, a tendency is seen in Table I 
for group C correlations (uncles and 
aunts, nephews and nieces) to exceed 
those for the other groups. This permits 
the question as to whether the collection 
and analysis of further data might reveal 
the presence of a “composite impression” 
factor —a_ psychological equivalent of 
Galton’s composite family photographs 
—which in the case of relatives not often 
seen might cause the respondent un- 
consciously to overstress physical resem- 
blances. 

2. As a control upon the interpreta- 
tion of coefficients of family resemblance 
obtained by the method described above, 
it was decided to secure a series of sched- 
ules filled out by pairs of siblings inde- 
pendently for members of their families. 
It could be assumed, in the absence of 
evidence to the contrary, that the close- 
ness of agreement of the sibling-respon- 
dents in designations of the same persons 
upon a particular trait or item of infor- 
mation is an itidex of “objectivity,” or 
“reliability of rating.” If this objec- 
tivity is low, then one could not expect 
much family resemblance to show up, re- 
gardless of how strongly determined by 
heredity the “true” trait behind the falli- 
ble ratings might be. If on the other 
hand the “objectivity” of a trait is high 
but the family resemblance low, one is 
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justified in concluding either that the 
trait in question is determined chiefly by 
non-hereditary factors, or that an intra- 
family rather than a population norm is 
being used by the raters, or that the he- 
reditary component operates in some 
special manner which can usually be 
ascertained by analysis of familv pedi- 
grees. Similarly, other combinations of 
objectivity-coefficients and family-resem- 
blance coefficients can be made to con- 
tribute orientation to the general prob- 
lem. The paired ratings upon which the 
treatment described in this section was 
based were obtained mainly from under- 
graduate students in Columbia Univer- 
sity and their siblings selected by them- 
selves for cooperation in this task. A 
few additional pairs of sibling - raters 
were obtained from Bennington College 
and elsewhere. 

The individuals cooperating upon this 
control study are clearly superior in edu- 
cational status as compared with the gen- 
eral population. The individuals who 
have filled out the schedules on file in 
the Eugenics Record Office also tend to 
be superior to the average, although as a 
group they are probably a little less 
highly selected than the control group. 
However the two groups are probably 
sufficiently similar to legitimize the kind 
of comparison that is proposed. 

3. With respect to the five traits ex- 
amined in this preliminary report, there 
are controls that can be applied in addi- 
tion to that of independent reports from 
members of the family. Stature and 
weight can be measured directly; hair 
color, eye color, and complexion can all 
be “matched” against objective scales. 
The following controls were secured: 
the writer checked self-reports against 
measures of all five of these traits during 
office interviews of 36 Columbia second- 


_*The question of how to pair the siblings for the correlation scatters was solved in the fol- 
lowing empirical way; the members of each set of siblings were arranged in order of age from 


oldest to youngest. 


This scheme prevented the larger sibships from 
have been the case if all possible combinations of pairs had been used. 


Adjacent pairs were then used in tabulations, i.e., 1 with 2, 2 with 3, etc. 
“swamping” the smaller sibships, which would 


Although better (and 


more laborious) methods of pairing and weighting could have been found, the method used had 
the advantage of quickness and ease of application, of giving sibships of all sizes approximately 


the weight which they should have in terms of 


“amount of information” contributed (vide K. 


Smith, Biometrika 14: 1-22, 1922), and of preserving a reasonably constant relationship between 
the ages of paired siblings, i.e., older vs. younger. 
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year men. Mrs. Julia McCamy kindly 
cooperated by securing a comparative 
series of ratings and measures of hair 
and eye color and complexion for about 
30 Bennington College women. In ad- 
dition, Dr. Philip Eisenberg contributed 
unpublished results upon self-reports and 
measurements of the height and weight 
of 45 Barnard women. 

The differences in “‘self-report vs. ob- 
jective scale” correlations calculated for 
the Columbia and Bennington groups 
(Table I), while hardly statistically re- 
liable for the individual traits, are never- 
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theless so striking in two of the three 
comparisons that it seems worth while to 
venture a possible explanation. The Co- 
lumbia students did not know at the time 
of making the reports upon themselves 
that these ratings would later be put to 
objective verification. They were given 
no specific instructions beyond those in- 
cluded on the formal schedule. The 
Bennington group, on the other hand, 
had been told about the purpose and 
method of the study, and many of them 
had seen the objective scales. This sug- 
gests that instructions may sometimes 


+The conditions under which the 


“objective” 


measurements were obtained were not ideal. 


Variations in lighting and in time elapsed since hair of Subjects was washed undoubtedly had 


some influence on the pigment appraisals ; 
given the student for making the self-reports; 


time of interview (for which we made allowances that doubtless involved some error) ; 
portable anthropometer which left some leeway for 
tions of the Columbia and Barnard students, all contributed their quota of * 


variations among the investigators in oral directions 
variations in clothing worn by Subjects at the 


a small 
in the height determina- 


“personal equation” 
‘inobjectivity.” This 


part of the report, therefore, specifies only a region 


of lower limit of objectivity, 


which might be some- 
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Fie 
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exert an appreciable influence upon ob- may be appreciably darker than hair that 
jectivity of response. It would be de- has grown out and has been exposed to 
sirable to repeat the experiment, using sunlight. Our determinations by chart 
more cases, and carefully varying in- were made close to the scalp at the back 
structions to Subjects in order to dis- of the head, but it is probable that the 
cover optimal conditions for securing ob- Subjects were reporting upon what they 
jectivity. ordinarily saw in the mirror. 
Correlations between hair shades of 
Results sibling pairs except in the C group (sam- 
The main results of our three kinds of _ pling difference ?) are rather lower than 
appraisal are shown in a series of cor- one would have anticipated on the basis 
relation comparisons in Table I. of Pearson's early work. ip if the 
A more detailed analysis of agreement factor of inobjectivity in the ratings 
he Should be allowed for through correction 
and disparity in various appraisals of the : ie, . 
jes for attenuation, the sibling correlations 
traits under discussion follows in Tables . 
II to IV inclusive would still be low enough to suggest 


in fairly cl Is can be seen either 
Certain tainty Clear trends can & (a) a phenotypic reduction in the ex- 


in these results. If the number of cases pected genotypic correlation (about .50), 
entering into these comparisons were 4. perhaps to a dominance mechanism, 
larger the precision of the conclusions po 
which it is possible to draw would be (b) a tendency for respondents to rate 
correspondingly greater. These conclu- according to a family norm instead of a 
sions may be conveniently arranged in general norm, thus making distinctions 
: as to individual differences within a fam- 
1, On hair color the objectivity of re- _ jJy which are less valid when considered 
port is fairly high (tetrachoric, ¢, correla- among families. 
tions of Table I), although Table II 2. With eye color the objectivity of 
shows that Subjects of given hair color, rating appears to be high indeed, though 
as determined by the chart, may show ap- jy interpreting the tetrachoric (ft) cor- 
preciable differences in the terms by relations of Table I it must be borne in 
which this hair color is reported. As ind that the four-fold tables were ar- 
might be expected, the medium shades ranged by separating brown shades of 
of hair color seem to be most liable to inns alten from lighter shades. In the 
these differences of report. range of mixed shades (6, 7, to 10 on the 
In addition to the factors contributing chart, described by Schultz as brown- 
to disparity that were earlier enumer- green, yellow-brown, etc.) there is con- 
ated, there is a further difficulty in siderable variation in the descriptive re- 
studies of hair color determination: the ports of Subjects having a given shade 
hair of a single individual may show dis- on the chart (Table III). Our conclu- 
tinct variations. Hair close to the scalp sion would be that if separation of brown 


*Pearson, Biometrika 3, 1904, reported correlations of .55 to .62 for hair color of siblings as 
rated by their teachers. In the light of the marked increase in pigment intensity which often 
occurs up to the age of 14 or 15, it seems probable to the. writer that the correlations in this 
series of school children were elevated through an age factor. This possibility was admitted by 
Pearson. An alternative explanation might be the presence of a high proportion of homozygous 
families, or a high coefficient of assortative mating. As a check upon the sibling correlations 
calculated from the records employed in the present study, an additional series of sibling hair 
color data was tabulated from a random selection of “Record of Family Traits” schedules. Both 
product moment and tetrachoric correlations were calculated, with the following result: 


182 Male pairs 180 Female pairs 323 Mixed pairs 
Tetr. r : 36 18 18 
Prod.-mom, r_ .20 .26 18 


Irregularities are probably due to sampling errors. “Scores” for product moment r’s were arbi- 
trarily assigned by numbering the categories 1 for flaxen to 6 for black. 
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and blue-eyed individuals from individ- 
uals of mixed eye color is desired, the 
reports of Subjects are dependable on 
the whole; but that for work requiring 
finer distinctions, an elaborated scheme 
of definition would be required to facili- 
tate objective report. 

The sibling correlations (Table 1) 
tend to be rather low (again excepting 
that in group C). The dominance mech- 
anism which is known to function in eye 
color may be sufficient to account for the 
low correlations, although Pearson’s sib- 
ling eye color correlations (.45 to .52) 
tended to be higher, and to hold up for 
pairs of adult siblings as well as for 
school children. 

3. The data on complexion offer some 
curious contradictions, which may per- 
haps be explained as follows (unless 
fluctuation of r’s due to sampling is the 
real explanation): the sibling correla- 
tion (Table I) are as high as one would 
expect them to be on a reasonable genetic 
hypothesis; the “objectivity coefficient” 
provided by the independent paired rat- 
ings of family members is also high. But 
the agreement between self-ratings on 
complexion and skin color matched 
against an objective scale is relatively 
low, even in the more favorable of the 
comparisons (Bennington). May this 
possibly indicate that what is being rated 
by. respondents is often not “skin color” 
by itself, despite the directions which 
specify “complexion (or skin color),” 
but the more generalized aspect of ap- 
pearance which is popularly termed com- 
plexion, a composite of hair and eyes, 
native skin color and sun tan? 

4 and 5. Height and weight show cor- 
relation behavior somewhat similar to 
one another, both having product mo- 
ment (p. m.) coefficients of .90 or above 
in the case of self-report compared with 
objective measurement, and close to .90 
in the case of independent reports upon 
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the same individuals (Table I)*. The 
sibling correlations for Subjects holding 
different degrees of relationship to the 
respondent are somewhat irregular, those 
for the respondents’ own sibships tend- 
ing to be near the genetic 2, those for 
sibships of second or third degree tend- 
ing to be lower. Detailed tables such as 
II, III, and IV were not prepared for 
the height and weight data, because the 
“self-report” blanks did not specifically 
direct that the report should give height 
and weight without shoes and without 
clothing. Although most of the men 
(and somewhat fewer of the women) ap- 
parently assumed correctly that heights 
and weights without clothing were want- 
ed, there was a clustering of disparities 
falling within the range of errors to 
which disregard of clothing would give 
rise. Several individuals stated during 
interviews that their reports jad includ- 
ed clothing.+ The disparities due to 
clothing were not large enough, how- 
ever, to keep the “objectivity” coefficients 
from being among the largest found. 
Only a few disparities occurred of a na- 
ture to suggest gross errors in recollec- 
tion. Of the 36 Columbia men making 
self-reports on height and weight, one 
reported his height 5 inches too short; 
none reported his height as much as 2 
inches too tall; two reported themselves 
as 20 to 21 pounds in excess of measured 
weight (and part of the latter may be 
due to clothing error). Among the 45 
Barnard women the largest disparity in 
height was a report of 1% excess inches, 
and in weight, a report of 17 pounds too 
few. In 80 percent of the men and 90 
percent of the women the weight re- 
ported was within 10 pounds of weight 
measured (with clothing allowance de- 
ducted). Such disparities as occurred 
could probably be largely absorbed by 
temporal fluctuations in the actual weight 
of individuals. 


*In the case of height and weight, tabulations were made and correlations computed sepa- 
rately for males and females, the published correlations being weighted averages. ; ; 
+These facts suggest that the utmost care should be used in specifying the terms in which 


reports are to be rendered. 


In the schedules on which family data are regularly reported to the 


Eugenics Record Office, “height” is specified as without shoes, but “weight” is not specified as to 


clothing. 
weight were not so specified. 


In the present “self-report” study it was a regrettable oversight that height and 


DETAILS OF CROOKING OF LITTLE FINGERS 
Figure 15 
Two X-ray photographs of the hands of III-12 in the chart (Figure 16) taken palms down 
(4) and palms facing (B). The flexion of both little fingers can be seen, involving the proximal 
interphalangeal joint. The crooking was due to the shortening of the flexor tendon. The flexion 
of the little finger on the left hand was less pronounced than that on the right hand. After the 
left hand was burned the trait developed to the extent revealed by the photographs. 


‘ 

J 

> 
F 
: 

{ a 

3 


NOMENCLATURE OF HEREDITARY 
CROOKED FINGERS 


Streblomicrodactyly and Camptodactyly — Are They Synonyms? 


S. EpmuNpD 


URING the past year the author 
has been studying the inheri- 
tance of a peculiar crooking of 

the little finger. In the literature this 
trait is recorded under two nomencla- 
tures. The present article wishes to call 
attention to this inconsistency and to 
report another study of the trait. 

Hefner? in 1924 called attention to 
this crooking of the little finger. In 1929 
he reported a second pedigree and named 
the trait streblomicrodactyly.* The char- 
acteristic inability to extend one or both 
little fingers in the region of the proximal 
phalangeal joint, Hefner concluded was 
caused by an abnormal shortness of the 
flexor tendon which attaches to the mid- 
dle phalanx of the little finger. The de- 
fect is inherited as a Mendelian domi- 
nant. 

Other workers in studying this, or a 
very similar anomaly, have used the 
name of camptodactylism. Goldflam' 
reports a case in which the fingers were 
in a position of flexion in such a way as 
to hinder the grasping of objects. In 
this study the ring finger is at times 
affected as well as the little finger. 
Koenner* mentions an anomaly of 
“crooked little fingers” and refers to the 
trait as camptodactyly. In 1936 Moore 
and Messina® reported a study of the 
crooking of the little fingers due to a 
defect in the attachment of the extensor 
expansion of the little finger. They find 
the trait may skip a generation with re- 
spect to its expression but is inherited 
as an autosomal dominant. They believe 
that the inability to straighten the little 
finger is due to an impairment of the 


extensor expansion and other tendons 
associated with the movement of the 
phalanges of the little finger, and to the 
muscles that govern these tendons. They 
refer to the anomaly as camptodactyly. 

From a study of Figure 16 it can be 
seen that in the family reported here the 
trait is inherited as an autosomal domi- 
nant. The trait was introduced into this 
family by a woman (1-2). Her marriage 
to a man without the trait resulted in 
three children all of whom had the anom- 
aly. One child had the trait only on the 
right hand. In the third generation, of 
nine children six have streblomicrodac- 
tyly. Two have the trait on only the little 
finger of the right hand. In the fourth 
generation only one individual has the 
anomaly, and only on the right hand. 

Figure 15 shows two X-ray photo- 
graphs of the hands of III-12 in the 
chart. These photographs show the flex- 
ion of both of the little fingers. As can 
be seen the proximal interphalangeal 
joint is involved. There is not a fusion 
of the bones as the X-ray reveals the 
presence of cartilage between the middle 
and proximal phalanges. This is clearly 
shown in Figure 158. The inability to 
extend the finger is thus caused by a 
shortness of the flexor tendon and not 
to a bone defect. 

Several interesting facts have been 
discovered in the present study. In the 
individual represented in Figure 15 the 
trait was more pronounced in the lit- 
tle finger of the right hand. The little 
finger of the left hand was slightly af- 
fected. The left hand was burned and 
the trait developed to the extent shown 


*Contributed by the Zoology Department of the University of Southern California, Los 


Angeles, California. 
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FOUR GENERATIONS OF FLEXED 
LITTLE FINGERS 
Figure 16 
Chart showing that the trait is inherited as 
an autosomal dominant. The half-black sym- 
me indicate the anomaly on only the right 
aand. 


in the X-ray photographs. It is, there- 
fore, undoubtedly true that environ- 
mental factors play some role in the ex- 
pression of streblomicrodactyly. In the 
third generation III-10 massaged the 
little fingers and corrected the defect. 
This would be in harmony with the con- 
clusion that the trait is due to a shorten- 
ing of the flexor tendon. Massaging 
would stretch the tendon, allowing the 
fingers to straighten gradually. It is also 
worthy of note that in this family if the 
trait appears only on one hand it is al- 
ways the little finger of the right hand 
that is affected. 

Workers in using the terms campto- 


dactyly and streblomicrodactyly refer to 
a flexion of the little finger due to mus- 
cular or tendon attachment. It seems 
that the same trait is described by these 
investigators. Camptodactyly is derived 
from the Greek kamptos, bent and dakty- 
los, finger. Streblomicrodactyly comes 
from the terms strebles, bent and micros 
dactylos, little finger. It is evident that 
camptodactyly may refer to the flexion 
of any of the fingers. It is the sugges- 
tion of the present writer that the term 
be used in this general fashion ; and that 
streblomicrodactyly, as referring to the 
flexion in only the little finger, be re- 
tained as designating a particular type 
of camptodactyly. 
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Poems of John Belling, Cytologist 


N spite of great handicaps, John Bell- 

ing contributed signally to the prog- 
ress of the new science of genetics, in 
pioneering cytological techniques and in 
developing fruitful theories of chromo- 
some structure. Few workers know that 
he also occupied himself in ways dis- 
tinct from stringing the beads of the 
genes on the necklace of the chromo- 
somes: in moments of relaxation John 
Belling strung words onto the measured 
strings of metrical convention to make 
poetry. Sixty-one of his verses were pub- 
lished during his lifetime in a modest 


booklet called “Life-studies in the Poetry 
oi Science.” 

When John Belling died he left among 
his effects at the University of California 
several hundred copies of this booklet. 
Workers in gen¢tics and other biological 
sciences will find these verses of especial 
interest. They have been offered by 
Prof. E. B. Babcock, who is acting as 
the scientific executor of Dr. Belling, to 
all who may be interested in them. A 
charge of twenty cents is being made to 
cover cost of handling and postage. 
Copies may be obtained from the office of 
the American Genetic Association. 
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